Culture and social learning in chimpanzees (Pan troglodytes) and children (Homo sapiens) by Spiteri, Anthony
CULTURE AND SOCIAL LEARNING
IN CHIMPANZEES (PAN TROGLODYTES)
AND CHILDREN (HOMO SAPIENS)
Anthony Spiteri
A Thesis Submitted for the Degree of PhD
at the
University of St Andrews
2009
Full metadata for this item is available in
Research@StAndrews:FullText
at:
http://research-repository.st-andrews.ac.uk/
Please use this identifier to cite or link to this item:
http://hdl.handle.net/10023/745
This item is protected by original copyright
This item is licensed under a
Creative Commons License
 
 
CULTURE AND SOCIAL LEARNING 
IN CHIMPANZEES (Pan troglodytes)  
AND CHILDREN (Homo sapiens) 
 
 
 
 
 
 
 
 
 
 
Anthony Spiteri 
 
 
 
 
 
 
 
 
Dissertation submitted to the School of Psychology of the University of St Andrews for the 
degree of Doctor of Philosophy 
 
 December  2008  
 ii
DECLARATION 
I, Anthony Spiteri,  hereby certify that this thesis, which is approximately  60 000 words in length, has 
been written by me, that it is the record of work carried out by me and that it has not been submitted in any 
previous application for a higher degree.  
 
I was admitted as a research student in September, 2004 and as a candidate for the degree of PhD in 
Psychology in September 2005; the higher study for which this is a record was carried out in the University 
of St Andrews between 2004 and 2008.  
date 12/20/2008 signature of candidate ………………………………………………………………………  
 
I hereby certify that the candidate has fulfilled the conditions of the Resolution and Regulations appropriate 
for the degree of PhD in Psychology in the University of St Andrews and that the candidate is qualified to 
submit this thesis in application for that degree.  
Date ………………………………… signature of supervisor………………………………………………   
 
In submitting this thesis to the University of St Andrews we understand that we are giving permission for it 
to be made available for use in accordance with the regulations of the University Library for the time being 
in force, subject to any copyright vested in the work not being affected thereby.  We also understand that 
the title and the abstract will be published, and that a copy of the work may be made and supplied to any 
bona fide library or research worker, that my thesis will be electronically accessible for personal or 
research use unless exempt by award of an embargo as requested below, and that the library has the right to 
migrate my thesis into new electronic forms as required to ensure continued access to the thesis. We have 
obtained any third-party copyright permissions that may be required in order to allow such access and 
migration, or have requested the appropriate embargo below.  
 
The following is an agreed request by candidate and supervisor regarding the electronic publication of this 
thesis: 
 
Access to Printed copy and electronic publication of thesis through the University of St Andrews. 
 
Access to all or part of printed copy but embargo of all or part of electronic publication of thesis for a 
period of  3  years (maximum five) on the following ground: 
 
publication would be commercially damaging to the researcher, or to the supervisor, or the 
University;  
[X]     publication would preclude future publication;  
publication would be in breach of law or ethics 
 
Embargo on both all or part of printed copy and electronic copy for the same fixed period of 3 years 
(maximum five) on the following ground: 
 
publication would be commercially damaging to the researcher, or to the supervisor, or the 
University;  
[X]     publication would preclude future publication;  
publication would be in breach of law or ethics 
 
Permanent embargo of all or part of print and electronic copies of thesis (permission will be granted only in 
highly exceptional circumstances). 
 
Pages iii, viii, ix, x and Chapters 1, 4, 5, 6 & Appendixes to be embargoed because publication would 
preclude future publication. 
 
 
date 12/20/2008 signature of candidate …………………… signature of supervisor …………………… 
 iii
ABSTRACT 
Culture involves the handing down of information, traditions, knowledge and skill, 
views and ideals from one individual to another and across generations by means of social 
transmission expressed in manufactured objects and behaviour. The evolution of cumulative 
culture, a human specific capacity, makes possible an inheritance system that is governed by 
the same Darwinian principles as biological evolution. Cumulative culture has made possible 
the build-up or ratcheting effect of knowledge and traditions that when put together allow for 
advanced technology, medicine, education and other highly advanced cognitive processes that 
characterise humans from non human animals.  
This dissertation dedicates the first chapter to review the literature pertaining to this 
topic; describing various types of social learning processes and methodological approaches 
that are used to query and broadly describe the process of culture in various animals. The 
following two chapters (2 and 3) present three experiments that provide methodical and 
systematic exploration of the social transmission process which occurs in chimpanzees; using 
3 artificial foraging devices, the 3 studies systematically demonstrate that chimpanzees have 
the capacity to transmit culture from one individual to another and serially across 
neighbouring communities- providing laboratory evidence of behavioural variation analogous 
to that observed in the wild. 
Chapter 4 then goes on to describe an experiment that tests a number of hypothesised 
biases in cultural transmission. Looking specifically at social dynamics at play during the 
transmission of skill within ape groups - I systematically analyse the effects of directed social 
learning; focusing on kin and status based strategies that are characteristic of group living 
apes. Chapter 5 is an original, empirical and methodically comparative analysis of 
hierarchically organized behaviour in human children and chimpanzees using a hierarchically 
organized artificial fruit.  
The final chapter (6) discusses the findings of each of the five experiments and 
compares the results to findings at other captive and wild research sites. I then broaden the 
topic to explore how the findings relate to broad issues in literature and provide a framework 
for future research and for understanding the complex mechanisms of intelligent systems. 
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PREFACE 
 
One of the great scientific challenges is to understand the design principles and origins 
of the brain. Recent research has shed light on the evolutionary origins of the brain and how it 
evolved into the remarkably complex structure found in apes and humans. It is not size alone 
that gives more brain power. During evolution, increasingly sophisticated molecular 
processing of nerve impulses allowed development of animals with more complex 
behaviours. Increased sophistication in the structure of nerve junctions could have been the 
force that allowed complex brains - including our own - to evolve. The big building blocks 
evolved before big brains. 
Current thinking suggests that the protein components of nerve connections - called 
synapses - are similar in most animals from humble worms to humans and that it is increase 
in the number of synapses in larger animals that allows more sophisticated thought.  
The view that 'more nerves' is sufficient to explain 'more brain power' is simply not 
supported any longer. We now know that there are dramatic differences in the number of 
proteins in the neuron connections between different species.  The number and complexity of 
proteins in the synapse first exploded when multi-cellular animals emerged, some billion 
years ago. A second wave occurred with the appearance of vertebrates, perhaps 500 million 
years ago. 
Most important for understanding complex brains was the expansion in proteins that 
occurred in vertebrates. This provided a pool of proteins that were used for making different 
parts of the brain into the specialized regions such as cortex, cerebellum and spinal cord. 
Since the evolution of molecularly complex, 'big' synapses occurred before the 
emergence of large brains, it may be that these molecular evolutionary events were necessary 
to allow evolution of big brains found in humans, primates and other vertebrates. The 
molecular evolution of the synapse is like the evolution of computer chips - the increasing 
 xii
complexity has given them more power and those animals with the most powerful chips can 
do the most. Simple invertebrate species have a set of simple forms of learning powered by 
molecularly simple synapses, and the complex mammalian species show a wider range of 
types of learning powered by molecularly very complex synapses.  
A process of Darwinian evolution by tinkering and improvement has generated, from 
a collection of sensory proteins in yeast, the complex synapse of mammals associated with 
learning and cognition. 
This understanding leads to a new and simple model for understanding the origins and 
diversity of brains and behaviour in all species. 
The study of human and animal learning is vital to the advancement of our 
understanding of how the architecture of brains and intelligent systems evolve into the 
complex structures that we can observe. Undoubtedly the human brain is the most complex 
intelligent system that we know to exist, at least in our immediate universe. If we can map 
how the human brain has progressed to accommodate the cognitive mechanisms that make 
possible learning, teaching, cumulative culture and our many other faculties, then it will not 
only make it possible for us to have a better rounded idea of ‘who we are’ but it may also 
make it possible for us to develop and create other beings that can think, learn and adapt in 
the same way that we do. 
To this end I have carried out research that can help advance our understanding of 
cognitive evolution. I decided that the best place for me to start was by looking at our closest 
living relatives, the chimpanzees, and analyze how they, as “less complex” beings, are able to 
learn and acquire knowledge from others around them; how they as individuals make use of 
information that is made available to them through their interaction with others in their 
immediate social group, and how they process information that is available to them beyond 
their immediate group. 
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CHAPTER 1 - ANIMAL SOCIAL LEARNING: A REVIEW OF THE CAPACITY TO 
ACQUIRE KNOWLEDGE FROM CONSPECIFICS IN FISH, BIRDS, PRIMATES AND 
OTHER ANIMALS. 
 
1.1 Abstract 
What started out as an observation of seemingly frequent and widespread copying 
behaviours observed in bees, dogs and across many other taxa, eventually gave way to 
scientific rifts that would last over a century and continue to be the subject of much heated 
debate in contemporary academic circles spanning psychology, biology, social science, 
anthropology and several other fields.  The disagreements on terminology and the different 
ways that have been devised to study this phenomenon, have some arguing that copying 
behaviour is a capacity common to most animals and others sustaining that it is only a human 
ability, perhaps the human ability that sets us apart from all other species.  
The analysis and dissection of imitative and related phenomena plays a crucial role in 
developing a complete theory of evolution. The mechanisms responsible for social learning 
are now understood to comprise both high and low levels of cognitive processing and broadly 
include imitation, object movement reenactment, end-state emulation, affordance learning, 
observational conditioning and enhancement.   
This chapter reviews the growing body of literature that has come to be regarded as a 
science in its own right, the “science of culture”. I review the methodologies used to study 
social learning, consider social dynamics of living groups and how these impact the learning 
process, sketch out various strategies that different species use to maximize their learning 
potential and discuss directions of research in light of recent findings. 
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1.2 Introduction 
In the beginning there was Darwin’s word, handed down to Romanes in the form of 
unpublished manuscripts. Drawing heavily on the inherited work, Romanes  (1881) acted as 
Darwin’s literary executor and told of his mentor’s personal accounts of psychology and his 
observations of commonly occurring mimicking activity in nature. There were reports 
describing honeybees that mimic the behaviour of bumblebees and the cutting open of 
flowers by some species in order to access the nectar inside.  Inspired by these reports of 
imitative phenomena, Romanes began to catalogue imitative behaviours (starting with dogs, 
who appeared to be adopting the characteristics of cat foster parents). Comparative 
psychology was conceived.  
Building on Darwin and Romanes’s seminal classification of imitative phenomena, 
Lloyd Morgan published Habit and Instinct (1896) which pioneered research on social 
learning. However, the following 5 decades saw very little research activity on the theory of 
social learning, which today is considered by some to be akin to that of natural selection. This 
chapter traces the insights that gave way to the various classifications and sub-types of social 
learning, including the controversial topics of “imitation” and “culture”. I will then consider 
observational and experimental methodologies that have been used to investigate the 
processes and mechanisms that underlie social learning. The exchange of information 
between groups of primates, the social dynamics that affect the transmission process and the 
structural complexity of copied actions will be discussed in this chapter and then tested in 
subsequent chapters. But first I will start by sketching out the implications that socialization 
has for the evolution of mind.  
Evolutionary psychology is concerned with how the ecology of organisms has formed 
and shaped the mechanisms that control behaviour including learning and perception, 
Spiteri A. 
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communication, understanding and socialization. Species-specific ecology plays an important 
role in the occurrence of interactions relevant to these aspects of cognition among 
conspecifics. This is particularly true of organisms that live in social groups because group 
mates represent an integral part of one another’s environment. A good proportion of the 
research on social cognition is being dedicated to understanding the behavioural processes 
that are related to interactions between ‘social agents’ during episodes in which individuals 
are learning from one another. 
H. Kummer (1982) proposed that animals make use of distinctly different mechanisms 
when interacting with the physical world versus interacting with conspecifics (see also Jolly, 
1966; Goodall, 1986; de Waal, 1986, 1991; Cheney and Seyfarth, 1990; Tomasello and Call, 
1997). Social learning theory suggests that conspecifics and other social partners may be able 
to acquire novel behaviours by observing one another (Whiten and Ham, 1992; Byrne, 2002); 
for example, the learning of bird songs and the ability to learn to complete a task by observing 
another individual perform it and so on. This is different from asocial learning in which the 
individual learns through personal experience such as individual trial and error. Such 
individual learning can be costly and perhaps even detrimental to organisms in that it 
increases the chance that the individual will encounter situations that could potentially be life 
threatening, or cost time and energy. Without the capacity to learn from others, agents would 
have to determine for themselves what makes for edible food, they would run the risk of 
being ignorant of dangerous predators and they would have to personally scan through their 
territory for relevant resources and threats. Learning from conspecifics allows individuals to 
acquire information about their environment while reducing or avoiding the costs associated 
with learning novel behaviours themselves (Laland and Williams, 1997). 
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Various species of fish have been shown to exhibit such social learning. Coral reef 
fish show patterns of migration routes and mating site preferences that are transmitted 
socially within the population (Helfman and Schultz, 1984; Warner, 1988). Guppies have 
been remarkably well studied in this respect and they appear to be capable of both learning 
foraging routes from conspecifics (Laland and Williams, 1997) and mate choice copying 
(Dugatkin and Godin, 1992). A number of other studies have shown that both asocial and 
social learning can be an effective tactic in the development of antipredatory skills. For 
example, fish that have survived an assault from a predator (Patten, 1977; Olla and Davis, 
1989; Jarvi and Uglem, 1993) or a model of a predator (Magurran, 1990), fish that have 
experienced being pursued (Tulley and Huntingford, 1987; Huntingford and Wright, 1993) 
and fish that have viewed images of predation (Dill, 1974) can learn avoidance behaviour and 
benefit from this experience during successive encounters. 
Oftentimes, classical and operant conditioning both occur during social learning, but 
in addition to these simple processes, some part of the behaviour is learned through observing 
other individuals. According to the commonly accepted definition of Whiten and Ham (1992) 
social learning takes place "when B learns some aspect of the behavioural similarity from A" 
(p. 248). Social learning is considered to be an important manifestation of intelligence in 
nonhuman species, and the basis of much human behaviour (Meltzoff, 1988). 
Before describing the different categories of social learning, it is worth briefly noting 
another way by which organisms may acquire information from others. Social influence 
provides an alternative route to the learning process. What distinguishes social learning from 
social influence is that, in the latter, little or no new information is actually acquired, as in 
such contagious acts as yawning.  
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1.3 Types of Social Learning 
The classical dissection of social learning forms four major categories: (1) stimulus 
enhancement and local enhancement, (2) observational conditioning, (3) emulation and (4) 
imitation. 
 
1.3.1 Stimulus enhancement 
In stimulus enhancement (SE; Visalberghi and Fragaszy, 1990; Byrne and Tomasello, 
1995; Heyes, 1998; Fritz and Kotrschal, 1999), individual Y orients individual X's attention to 
an object or location to which the behaviour is directed and X then learns the goal and form of 
the behaviour on its own. A likely but indirect example of this was observed in 1921 in 
Britain. In south England, small birds called tits were noticed pecking open the tops of milk 
bottles that could be found on the doorsteps of many homes. Progressively, this pecking 
practice spread across England and some parts of Scotland and Wales. The behaviour was 
also observed in other species of bird. It seemed that the tits were learning how to open the 
bottles from each other because the novel behavioural pattern was spreading steadily from 
town to town, and across different regions.  Fisher and Hinde (1949) also noted that milk 
bottle pecking was also being reinvented over and over.  
The prising-off of milk bottle tops was viewed by many as a cultural phenomenon. 
Some commentators noted that rather than being based on by pure imitation, the act was more 
likely to be some other manifestation of social learning (Sherry and Galef, 1984). Once one 
bird learned that it could access the cream that was under the bottle cap by trial and error then 
other birds would come and witness the pecking or even just the visibly pecked bottle top.  
Pecking is a natural action for many birds, including tits, and the attention of observer 
birds can easily be drawn to the pecked bottle top. Observing birds are then more likely to 
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direct their attention to the bottle and consequently peck at it as well. The stimulus, which in 
this case is the bottle top, became more readily noticed by the observer birds. The cream 
under the bottle top acts as a reinforcer, making it more likely for the new bird to repeat the 
action. The pattern further spreads as more and more birds come to witness the behaviour or 
opened tops; in another study by Sherry and Galef (1984), the birds (chickadees) learned 
bottle-top opening behaviour from seeing already opened tops.  
In SE the observer’s attention is drawn not only to the target (object or place) that the 
model is relating to, but also to targets of the same type at other locations and the same target 
at other times (Spence, 1937; Giraldeau, 1997). Given the effect of the cream, the learning of 
bottle-top opening involves operant conditioning. Because another bird is involved, it falls 
within the category of social learning and because the pecking itself is not what is actually 
copied then it is not imitation.  
Sometimes commentators make a distinction between SE and local (or locale) 
enhancement (LE). Local enhancement was first described by Thorpe (1956) as drawing the 
observer’s attention towards a specific target with which the model is interacting. In LE 
conspecifics learn from one another about which objects and places to attend to or avoid. 
Animals, for example, learn not to fear roads by following others who cross the road and are 
also not afraid. Some may even learn to make burrows alongside railway tracks.  
It is possible that Thorpe was talking about SE and simply calling it LE, nonetheless 
one could make a distinction between SE and LE as follows; in stimulus enhancement 
attention is drawn to objects, in locale enhancement attention is drawn to places. However, 
clear differentiation between objects and places can be difficult; for example, milk bottle top 
is a kind of “place”. 
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1.3.2 Observational conditioning 
Observational conditioning (OC) is described by Mineka and colleagues (see Mineka 
and Cook, 1993, for review) to be a distinctly different form of social learning than SE. 
Mineka and Cook demonstrated that captive rhesus monkeys who were initially unafraid of 
snakes quickly acquired ophiophobia (fear of snakes) after watching wild model monkeys 
exhibit a strong fear of snakes (Cook, Mineka, Wolkenstein, and Laitsch, 1985; Mineka, 
Davidson, Cook, and Keir, 1984). Observers initially reached quickly for food that was 
placed adjacent to a series of stimuli (real snake, toy snakes, and neutral objects). They were 
then allowed to watch a pre-exposed model monkey react to these stimuli in the same setting. 
Results showed that in the presence of snake stimuli, the models failed to reach for food and 
displayed signs of stress and disturbance behaviours. In the presence of neutral stimuli, 
models readily reached for food and displayed no fear behaviours. Following this 
discriminative observational conditioning procedure, the observers were retested alone: A 
majority displayed a newly acquired fear of snakes, indicated by increased latency to reach 
for food and increased distress. When retested 3 months later observers showed no decrease 
in the intensity of the acquired fear on any of the measures. In the case of OC the observer 
comes to recognize the valence of the stimulus, that is, that the model acts frightened. The 
recognition of valence is not necessary in LE. 
Whiten and Ham (1992) however provide a slightly more simplified way to 
understand the difference between the two processes; while in stimulus enhancement the 
organism learns about the positive significance (valence) of an object, in observational 
conditioning the organism learns about the negative significance of an object. Therefore the 
two categories each draw attention to a target and are symmetrical in nature but while OC 
involves a negative experience, SE involves a rewarding one (see Heyes, 1994). 
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1.3.3 Emulation 
There is a distinction made in the literature between emulation (Tomasello, 1990; 
Tomasello et al. 1993; Custance et al. 1999) and goal emulation (Whiten and Ham, 1992). 
Unlike SE, emulation is not necessarily any less cognitively complex than imitative learning. 
In fact, Tomasello (1999) described emulation learning as “a very intelligent and creative 
learning process that, in some circumstances, is more adaptive than imitative learning” 
(Tomasello, 1999, p. 29). 
In emulation, the observer replicates the success of the operator by attending to the 
results caused by its actions and not the operator’s behavioural tactics themselves. The 
observer does this by picking out the affordances (Gibson, 1979) of the target that the 
operator was observed manipulating. For example, a young chimpanzee may learn from 
watching how the mother obtains edible insects from beneath a log. The action that the infant 
reproduces is that of rolling the log over. There is, however, no compelling reason to believe 
that the young animal learned how to roll logs from watching the mother do this. What the 
infant might have learned is that it is possible to gain access to what is under the log if it rolls 
over: Logs afford rolling, and in causing this change of state, one achieves the end. Tomasello 
(1999) indicated that, “the youngster would have learned the same thing if the wind, rather 
than her mother, had caused the log to roll over” (Tomasello, 1999, p. 29).  
In Tomasello’s (1998, commentary on Byrne and Russon) account, emulation need 
make no reference to the model’s goals1, instead what is essential is the affordance of the 
manipulated object. By contrast, in Whiten and Ham’s “goal emulation”, X learns from Y the 
goal of a particular behaviour, but does not reproduce the exact form of Y's behaviour, i.e. 
                                                 
1 In Tomasello’s original formulations (e.g. 1990) he did use the tern ‘goal’, as others have later noted (Byrne 
and Russon 1998 response; Whiten et al. 2004, How do apes ape?). 
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one animal copies the goals of another animal's behaviour but does not copy the form of that 
behaviour itself. In this instance if the wind caused the log (in the example above) to roll 
over, the youngster would still learn nothing from the event itself. The mother’s actions are a 
crucial component for learning, in that the youngster would need to copy the goals of the 
model rather than just the results caused by the action.  
Because in both emulation and goal emulation no new behaviour is directly copied 
from one animal to another, the process is not an example of true imitation (for relevant, 
comprehensive reviews of social learning and imitation see Heyes and Galef, 1996; Whiten 
and Ham, 1992; Zentall and Galef, 1988). 
 
1.3.4 Imitation 
Thorndike (1898) defined imitation as “learning to do an act from seeing it done”. 
According to Heyes (1993) imitation means learning something about the form of behaviour 
through observing others, while other kinds of social learning are learning about the 
environment through simply observing others. Imitation is distinct from other forms of social 
learning in that, perhaps along with the environmental features of the task, the behavioural 
technique of the model is also attended to.  
A debate initiated during the nineteenth century was about the possibility that as well 
as humans, non-human animals too are capable of imitating others. Darwin (1871), Wallace 
(1870), Hobhouse (1901) and other scientists (Kohler, 1925; Lashely, 1913; McDougall, 
1924; Morgan, 1900; Thorndike, 1911; Watson, 1908) studied and theorized about the 
processes that underlie this (seemingly) widespread ability to imitate others.  
By the end of the nineteenth century, a new wave of scientists came to view and use 
the term imitation in different ways, creating a great deal of confusion among researchers that 
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persists in contemporary literature. In Romanes’ (1884) view, all behaviour that is affected by 
social interaction with others can be taken as imitation. Morgan (1900) maintained the same 
basic principles and made a distinction between “reflective imitation” (which requires 
thinking about an action as well as performing it) and “instinctive imitation” (an organic 
response independent of experience, such as contagious yawning). It has even been suggested 
that the only form of social learning that can guarantee fidelity of behaviour during 
transmission is imitation (Galef, 1992; Heyes, 1993; Tomasello, et al. 1993a, b). The ongoing 
discord on the use of terminology has in some instances obstructed research on imitative 
behaviours. The debate is nonetheless important in order to ensure that the interplay of 
cognitive mechanisms is fully understood and little if any untested alternative possibilities are 
left unexplored. 
The ability to imitate is perhaps of particular practical significance for animals that 
make use of tools. The chimpanzee is quite possibly the non-human social animal that makes 
use of the greatest number and variety of tools (Sanz and Morgan, 2007). A wide range of 
tools requires an individual to acquire a great deal of knowledge (Whiten and van Schaik, 
2007). Therefore in order to supplement the slow and costly system of individual learning, 
chimpanzees and perhaps other animals have developed a second system whereby skill can be 
acquired through social learning.  
In Whiten and Ham’s (1992) definition of imitation, the individual learns not only the 
goal, but some part of the form of the behaviour from a conspecific. Whiten and Ham’s 
definition has sometimes been misconstrued as requiring exact motor matching, but this is 
only a misinterpretation because what is actually required to meet the definition is simply that 
there is ‘some measurable matching’ in X’s copy of Y (Whiten, 2000). Bodily shape, tempo, 
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sequential learning, orientation, extent and laterality are each different aspects of the original 
act that the observer may or may not copy. 
The fact that the milk bottle pecking birds, described in the example above, used a 
variety of methods to open the bottle tops suggests that they did not learn by direct imitation 
(Sherry and Galef, 1984). There are, nonetheless, many examples of vocal imitation in birds 
such as budgerigars (Galef et al. 1986), grey parrots (Moore, 1992), pigeons (Zentall et al. 
1996) and Japanese quails (Akins and Zentall, 1996). Bonner (1980), Delius (1989), 
Thorndike (1898) and Whiten and Ham (1992) describe such examples of vocal imitation in 
birds, some of which date back to over a century ago, as special cases of imitation, primarily 
because vocal imitation does not require the three dimensional transformation from what is 
seen to what is done (Whiten and Ham, 1992), which is necessary for visual copying (with the 
exception of parrots who have been claimed to imitate simple gestures: Moore, 1992). Some 
species learn song from neighbours, nestlings may learn from their parents or non-biological 
adoptive parents, parrots and mynahs learn chatter from humans and some hand reared birds 
learn from recordings (Catchpole and Slater, 1995).  
Imitation is often considered to require high-level cognitive abilities, possibly present 
only in highly encephalized species, so what makes (low encephalized) birds such exceptional 
imitators of auditory modality? In the case of vocal imitation, the imitator need only adjust its 
output until the sound of this matches with the original. This requires only one level of 
representation in which the imitator has a mental model of the present situation.  
Simply being equipped with an imitative ability alone is not enough for imitation to 
manifest; the imitator must have some incentive that drives it to copy the behaviour of others 
such as reinforcement, motivation and proficiency. 
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Because of simple learning effects, pairing the movement of a manipulandum with a 
reinforcer could increase the probability of the target behaviour. The two-action method can 
be used to directly test the role of simple learning effects. Akins and Zentall (1998) found that 
“in Japanese quail, the correspondence between observer and demonstrator response 
topography disappears when the demonstrator’s responses are not reinforced” and that 
“through observation, the observer learns that there is no positive consequence associated 
with the demonstrator’s response and thus, there is no incentive for making the same 
response” (Akins and Zentall, 1998).  
A different explanation would be that an association between reinforcement and the 
demonstrator’s behaviour is necessary for true imitation to occur. However “this explanation 
still does not provide an alternative to imitative learning, because it cannot account for the 
correspondence between the observer’s and demonstrator’s response topographies” (Akins 
and Zentall, 1998). Reinforcement may, nonetheless, serve as a means to bring about 
imitative learning. 
If demonstrator reinforcement is required for the observer to learn through imitation, it 
means that observer motivation may play a role in imitative learning. If observers need to 
have an incentive for them to imitate, then the relevance of the demonstrator’s reinforcer to 
the state of the observer is also likely to be important (Akins and Zentall, 1998). If this is 
correct, food sated observers should be less likely to learn a food-rewarded response through 
observation than hungry observers. Dorrance and Zentall (2001) tested this by comparing 
imitative learning, using the two-action method. They allowed some quail to observe 
behaviour while hungry and some other quail to observe while full. Results supported the 
hypothesis and they found that hungry quail matched the demonstrator’s behaviour if they 
had observed while hungry but not if they had observed while sated.  
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Proficiency of the model is also likely to affect the rate of acquisition of the behaviour 
(Vanayan, Robertson, and Biederman, 1985). Vanayan et al. (1985), could not confirm this, 
however, and they found faster acquisition of a successive discrimination by observer pigeons 
when less proficient models were observed. It may be that observation of the consequences of 
incorrect (nonreinforced) responding is as important, or in the case of aversively motivated 
learning, perhaps even more important than observation of the consequences of correct 
(reinforced) responding (Want and Harris, 2002). As mentioned earlier, however, observation 
of a discrimination being performed may result in stimulus enhancement; also, the 
demonstrator proficiency effects found may result from differential observational 
conditioning.  
Bandura (1969) made a distinction between immediate imitation (which he calls 
imitation) and deferred imitation (which he calls observational learning). Imitation occurs 
when a model is present, deferred imitation is delayed for some time after the model is absent. 
The latter is considered an early marker of representational thought (see figure 1.1) with links 
to language development and symbolic processes. For Bandura, immediate imitation may be 
the result of a genetically predisposed reflexive response, analogous to contagious behaviour 
such as yawning, whereas deferred imitation requires cognitive processing. The fact that a 
demonstrated response and an observer’s performance often do not occur at the same time 
(Zentall et al. 1996) makes behaviours like pigeons’ pecking and stepping unlikely to be the 
result of contagious transmission.  
Evidence for deferred imitation with a significant delay between observation and 
observer performance was reported by Dorrance and Zentall (2001), who allowed hungry 
quail to observe either treadle stepping or treadle pecking. The quail were then returned to 
their home cage and fed.  After half an hour they were tested in the demonstration chamber.  
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Figure 1.1 - Illustrative manifestations of secondary representation. For each kind of process 
illustrated (rows), an example of a primary representation (“holding in view”) and a 
secondary representation (“holding in mind”) is shown. In the middle the bold box contains 
an example of how these two representations are brought into propositional relation. 
Replicated from Suddendorf and Whiten (2001). 
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The results of Dorrance and Zentall found no difference in the expression of imitative 
learning between observers that were tested immediately following observation and those that 
were tested after a half hour delay. 
There is also evidence that suggests animals such as dolphins (Harley, Xitco, Roitblat, 
and Herman, 1998; Xitco, Harley, and Brill, 1998), parrots (Moore, 1992) and chimpanzees 
(Custance, Whiten, and Bard, 1995, Hayes and Hayes, 1952) have the capacity to imitate 
gestures. In both the dolphin and the parrot experiments, the demonstrators were human 
rather than a conspecific and, therefore, the similarity between corresponding body parts of 
the observer and the demonstrator was comparatively abstract. In the case of the dolphin, for 
example, when a trainer bent backward and lifted a leg, the dolphin would turn on its back 
and lift its tail in the air. A parrot may observe a human dropping a peanut from its hand and 
say “Whoops”, the parrot would imitate this by dropping the peanut from its beak and say 
“Whoops”.  
The ability to imitate gestures requires the imitator to form a mental image of the 
other individual’s body and pose, then adjust its own body parts into the same position; 
actions that imply an awareness of one's self. Locale and stimulus enhancement can both be 
excluded because objects were not involved. In addition, each imitated gesture served “as a 
control for the others because it is the topography of the response that is important” (Zentall 
and Akins, 2001). Moreover, “the broad range of gestures that have been shown to be 
imitated within a few seconds of demonstration suggests that no account based on differential 
motivation is likely to play a role” (Zentall and Akins, 2001). 
An alternative to Bandura’s theory of imitation is the theory of generalized imitation. 
This theory states that people will imitate the behaviours of others if the situation is similar to 
cases in which their imitation was reinforced in the past. For example, when a young child 
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imitates the behaviour of a parent or an older sibling, this imitation is often reinforced with 
smiles, praise, or other forms of approval. Similarly, when children imitate the behaviours of 
friends, sports stars, or celebrities, this imitation may be reinforced - by the approval of their 
peers, if not their parents. Through the process of generalization, the child starts to imitate the 
models in other situations. Whereas Bandura’s theory emphasizes the imitator’s thought 
processes and motivation, the theory of generalized imitation relies on two basic principles of 
operant conditioning - reinforcement and generalization. 
If animals can learn to match the behaviour of another on command then this suggests 
that they have a capacity to learn the general concept of imitation and the ability to then apply 
it when asked to do so. Hayes and Hayes (1952) found that a chimpanzee named Viki learned 
to respond correctly on a "Do as I do!" test. Custance, Whiten, and Bard (1995) replicated the 
findings of Hayes under highly controlled conditions. Custance and Bard (1994) noted that 
actions on parts of the body that cannot be seen by the performer (e.g., touching the back of 
one’s head) were just as readily copied as those that could be seen. The importance of 
behaviour that cannot be seen by the performer is that it rules out the possibility that some 
form of visual stimulus matching might account for the behavioural match. The ability to 
develop a “do as I do” concept confirms that chimpanzees can imitate and are capable of 
forming a generalized behavioural-matching concept (i.e., the chimpanzees have acquired an 
imitation concept). 
In order for culture to develop, individuals have to be capable of placing themselves in 
the shoes of one another. But one of the most important features of each individual is their 
intentionality, the fact that their behaviour is oriented towards goals and guided by the search 
of methods for achieving their goals. In philosophy the term “intentionality” refers to the 
feature possessed by mental states of being about things others than themselves. Thus, in 
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order to really be able to see the world from somebody else's eyes you have to be able not 
only to feel what they feel when they're doing something (the job of the mirror neurons) but 
also to discern the goals that drive their behaviour. Interest in the psychology of imitation can 
be traced, at least in part, to the assumption that true imitation involves a certain level of 
intention to copy. This is true in many of the higher order forms of imitation, such as the 
human dancer who repeats the movements of the teacher. Unfortunately, because of its 
indirect nature, intention can only be inferred, and it is often in the form of anecdotal reports 
rather than experimental. Further research is required to confirm intentional imitation under 
experimental control. 
At the pinnacle of imitative ability, Mitchell (1987) nominates symbolic imitation as 
the highest level of imitative behaviour and refers to it as fifth-level imitation. Examples of 
symbolic imitation can be found in the human use of caricature and parody.  Not only does 
the behaviour of the observer not match that of the demonstrator, but the differences are 
explicit and they are produced for the purpose of drawing attention to certain characteristics 
of the model.  
The distinctions between the different types of social learning have been made 
because these categories are presumed to represent different cognitive capabilities where 
stimulus enhancement is the least complex, and imitation and possibly emulation, are the 
most complex (Visalberghi and Fragaszy, 1990 and Whiten et al. 2004). Studies with 
monkeys and apes have demonstrated that primates may learn much by means of social 
learning through a combination of stimulus enhancement followed by individual trial-and-
error learning (Tomasello, 1996 and Fragaszy and Visalberghi, 1996). However, a debate 
remains on whether nonhuman animals truly have the ability to imitate and if they do then to 
what degree (Whiten et al. 2004).  
Spiteri A. 
 
 
 19
The skepticism about non-human imitative ability and the debates on lexical definition 
of imitation that raged on during the twentieth century (Visalberghi and Fragaszy, 1990; 
Byrne and Tomasello, 1995; Heyes, 1998) gave way to ever mounting evidence in support of 
imitation learning in a variety of species. In the case of chimpanzees, the picture is clearer 
than other species, in many ways.  The variety of tools that they use coupled with high-level 
copying mechanisms make chimpanzees better equipped to copy a much greater variety of 
actions that are relatively novel to them than other species. Chimpanzees do not simply mimic 
blindly, they make use of an involved decision making processe which is sensitive to actions 
that are associated with desirable outcomes, that is, they exercise selective copying (discussed 
further below; Palmeta and leFebvre, 1985; Akins and Zental, 1998) by performing 
“cognitive appraisal identifying plausible causal connections before including an action in 
any imitation performed” (Horner and Whiten, 2004). The manipulative dexterity afforded by 
2 sets of five nimble fingers makes for great diversity in their action repertoire. They develop 
a comprehensive portfolio of social learning processes that are differentially activated in 
different contexts and in relation to different functional requirements (Horner and Whiten, 
2004).  
In order to investigate the capacity for imitation in non-human primates, Tomasello, 
Davis-Dasilva, Camak and Bard (1987) trained a chimpanzee to use a T-bar to rake food 
items that were out of reach and bring them into her cage. There were 14 observers ranging in 
age from 4 to 9 years old. None of the older chimpanzees learned to solve the task and 
although some of the younger observers did learn to retrieve the food, none learned the same 
method that was displayed by the model. In light of recent findings showing successful 
imitation in chimpanzees and other primates, this study is worth replicating.  
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In another experiment by Nagell, Olguin, and Tomasello (1993), a tool was provided 
to human children and to chimpanzees. Some of the subjects were given a demonstration of 
one method for solving the task and others were shown a second more efficient method. The 
findings were similar to those of Tomasello et al. (1987) in that while human children 
displayed high levels of imitative learning, the chimpanzees did not, exhibiting instead signs 
of emulative learning. The chimpanzees elected to use the most efficient method regardless of 
whether or not the efficient actions employed were demonstrated to them by the model.  
A later study by Whiten et al. (1996) demonstrated that chimpanzees were able to 
copy a human demonstrator when the human pushed a stick through a lock enabling a 
foraging box to be opened and allowing access to food stuff. In another part of the experiment 
the chimpanzees observed a human demonstrator pulling the stick out using a twisting motion 
and in this case the chimpanzees also copied the behaviour. However, Tomasello (1996) 
suggested that this behaviour could also be accounted for through emulation learning rather 
than imitation because in each case the human demonstrations revealed different affordances 
of the box. 
Whiten, Horner and de Waal (2005) trained a model from each of two groups of 
chimpanzees to use one of two methods (lift or poke) to obtain food from the same device. 
This model was then re-introduced to the group and allowed to demonstrate the task to other 
chimpanzees. Findings suggest that the novel behaviour spread to most of the other group 
members and during this diffusion it started to take on different forms. Whiten et al. (2005) 
also found evidence to show a conformity bias. The latter conclusion was reached after it was 
observed that some of the more innovative individuals discovered alternative method to 
solving the task. Even so, these individuals increasingly used the more prevalent method 
employed by the majority.  
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Much attention has been focused on child imitation, a process Bandura (1977) referred 
to as "modeling." In his "Bobo doll" study, Bandura (1965) had children observe adults 
behave in aggressive or nonaggressive manner toward an inflatable doll. Later, when left 
alone with the doll, the children exhibited faithful matching of the adult behavior to which 
they were previously exposed. Children in Bandura's study were preschool aged, however 
imitation has been shown to occur in infants as well. For example, both Meltzoff, and Bauer 
and colleagues (Bauer, 1992, 1993, 1995; Bauer & Dow, 1994; Meltzoff, 1988b) have used 
an elicited imitation procedure extensively to show child imitation of adult models and long-
term memory for the modelled behaviors. The procedure is ideal for infants because the 
elicited imitation procedure does not require complex instruction or extensive verbal 
interactions with the child in order to test the child's imitation of others. The elicited imitation 
procedure consists of an experimenter's use of simple props to perform a sequence of events 
(e.g., put teddy to bed) in the presence of a child. The props are then given to the child, and 
the child is encouraged to imitate the sequence of events observed. Because behaviors are the 
focus of the elicited imitation procedure, preverbal children can be easily tested. Using this 
paradigm, researchers have shown that children as young as 9 months and as old as 30 
months can learn from adults through imitation in a variety of circumstances (see Bauer & 
Fivush, 1992; Carver & Bauer, in press; Meltzoff, 1988b).  
Hanna and Meltzoff (1993) provided compelling evidence that imitative behavior and 
learning also occur when peers, rather than adults, act as models in the elicited imitation 
paradigm. They exposed 14 to 18 month old infants to novel stimuli and behaviors by using a 
14-month-old peer model, sufficiently trained to demonstrate the target behaviors to the 
children in the study. By using the elicited imitation paradigm, verbal instruction was kept to 
a minimum. Instead, the peer model demonstrated various target actions to the child, whereas 
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the experimenter simply encouraged the child to pay attention to the model. The experimenter 
waited for a delay of either 5 min or 48 hours, then placed the stimuli used by the model in 
front of the child, in the absence of the peer model. Using this paradigm, Hanna and Meltzoff 
(1993) demonstrated imitation of peer behavior both immediately and after a significant 
delay. The infants also consistently showed imitation of peer behavior in both laboratory 
settings and naturalistic day care settings. Taken together with the extensive evidence of the 
effectiveness of adults as models (e.g., Bandura, 1965; Bauer, 1995), the evidence strongly 
suggests that imitation of behaviors by children occurs with peer models, adult models, and 
across a variety of settings.  
What remains unclear is the relative influence of peer and adult models on a child's 
imitative behavior and memory. Different theoretical approaches to child development have 
argued both sides of the issue, and for a variety of reasons there is cause to believe that there 
may indeed be a difference. Vygotsky (1987) argued for the importance of adult influence on 
a child's cognitive development. In Vygotsky's view, adults are relatively more influential to 
cognitive development in a child because of the cultural expertness adults provide to the 
child. According to Vygotsky (1987), the adult provides detailed verbal instructions, 
information about cultural expectations and limitations, and other information about which a 
child's peer has little or no knowledge. Because of the adult's cognitive advantage, a zone of 
proximal development is created when working with the child, into which the child's 
understanding expands.  
However, Piaget (1962) emphasized the relative importance of peers on a child's 
cognitive development. In a variety of domains (e.g., overcoming egocentric thought), Piaget 
held that children were the most important aspect in a child's environment in facilitating 
cognitive development and learning. Piaget believed that children use peers as sources of 
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learning because peers are similar to the child, resulting in the child's assumption that the peer 
must therefore have a similar worldview (Piaget, 1932, 1962; see also Brainerd, 1978; 
Duncan, 1995; Glassman, 1994). Peer similarity elicits a child's attention to the peer and also 
elicits a child's assumption that the peer shares a common cognitive base from which the child 
can learn.  
 Piaget's belief in the relative influence of children is further supported by Festinger's 
(1954) social comparison theory, which predicts that peers are more influential than adults on 
a child's behavior because of a child's perceived similarity to the peer. Social comparison 
theory holds that humans use other people as social yardsticks, to learn about their own 
behaviors and talents and to gain information on how to behave. The importance of similarity 
in this theory has been borne out in a variety of contexts. In crises, people prefer to seek out 
similar others in order to gain information about the situation (Schachter, 1959). Similarity to 
others has a strong influence on friendships (Newcomb, 1956), the commitment to romantic 
relationships (White, 1980), and processes of self-evaluation (Festinger, 1954). It is 
reasonable to expect that similarity should have an effect on imitation behavior in children as 
well, and there is evidence that similarity between model and child has an effect on the 
learning of the target behavior in some contexts. For example, a preference for models that 
are the same sex as the observer has been demonstrated (Bandura, Ross, & Ross, 1961).  
Although a wealth of evidence indicates that children imitate the behaviors of both 
adults and peers effectively, little research has been done to directly compare the relative 
influence of the age of the model on children's imitation despite theoretical arguments 
concerning potential differences in influence. In one of the few studies of imitation using both 
peer and adult models, Owens and Ascione (1991) examined the imitation behavior of third, 
fourth, and fifth graders by exposing them to both a peer model and an adult model. Owens 
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and Ascione (1991) found increased imitation when the model was of similar age to the child. 
However, there are at least two limitations to the Owens and Ascione study that need to be 
addressed. First, the study involved older children (mean age was 10.2 years) whose cognitive 
capacity far exceeds infants'. Owens and Ascione (1991) also employed an arguably limited 
altruism paradigm, testing the child's willingness to imitate helping behavior. It is difficult to 
determine the extent of a peer model's influence on imitative behavior from one study directly 
investigating only altruism.   
McCall, Parke, and Kavanaugh (1977) investigated the effects of television-based 
models and live models and commented that infants imitate live adults more effectively than 
televised peers. However, McCall et al. (1977) did not manipulate the age of the model as an 
independent variable. Rather, the results of two separate experiments were compared post 
hoc, and only qualitatively. Because of the many inherent problems with conclusions based 
on two different studies using two different paradigms, further investigation is necessary. In 
sum, sufficiently strong evidence has been found by researchers for infant imitation with both 
peer and adult models (Bauer, 1992, 1993, 1995; Bauer & Dow, 1994; Hanna & Meltzoff, 
1993; Meltzoff, 1988a, 1988b; Meltzoff & Moore, 1989), 
Complex skill acquisition requires an efficient learning system by which information 
can be encoded in memory and later accessed to reproduce previously observed actions. In 
describing such a system, Byrne (1998) explored the likelihood that animals could copy the 
surface form of behaviour versus copying the organizational structure of behaviour. The latter 
requires the individual to have an ability to build hierarchical structures of actions. 
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1.3.4.1 Program-level imitation 
Byrne (1995) and Byrne and Byrne (`993) describe that in program-level imitation 
entire sequences of behaviours must be learned, in proper sequence,  to achieve some goal. 
They argue that for complex behaviour sequences, what appears to be a collection of 
separately conceived actions engaged in to reach a goal may be a well defined hierarchy. 
Theoretically, intelligent organisms should be able to copy either individual behaviours, 
segments of behaviours, or entire behavioural sequences. Copying entire hierarchical 
programs of behaviour should be common when survival and reproduction are at stake. For 
example, Byrne and Byrne (1993) described how mountain gorillas employ a logical chain of 
behaviour when foraging for complex and difficult to eat food stuffs. Two such examples are 
Galium and Nettle, a tough bristly plant commonly eaten by gorillas. Mountain gorillas 
inhabit the Virunga mountains in Rwanda and spend most of their day feeding on herbaceous 
vegetation in the lush meadows among mountain forests. Their need for special feeding 
techniques in dealing with these herbs can be seen from observations of mountain gorilla 
ecology. Like humans gorillas have simple stomachs and can not digest the large amount of 
cellulose and lignin that leaf-eaters such as cows and colobus monkeys do. They also can not 
neutralize the poisonous secondary compounds that protect many tropical leaves. Most 
populations of gorillas therefore eat lots of ripe fruits -  which contain ample abundance of 
energy from sugars but lack the necessary protein and vitamins. To supplement this, gorillas 
supplement their diets by eating insects, barks, flowers, fungi and leafy vegetation. In 
Virungas there are no ripe fruits, but the lush herbaceous vegetation contains several other 
plants which do contain rich protein and other nutrients that also lack the poisonous 
secondary compounds. The problem for the gorillas is that these herbs are often physically 
prepared to fend off potential consumers. Galium is densely covered in tiny hooks which help 
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the plant to clamber over other vegetation but this characteristic also makes it very difficult to 
eat. Nettle has painful stings, particularly on their stem, petioles and leaf edges. Most 
mammals simply can not deal with these defenses unless they have specially adapted bacteria 
that can process them in the gut. Gorillas have developed complex manual processing 
techniques that allow them to remove or neutralize the plant’s defenses. In fact Neelte and 
Galium make up a large portion of mountain gorilla diet (Watts, 1984). The behaviour of 
mountain gorillas is highly unlikely to be innate. The edible portion of the plants that 
mountain gorillas eat can only be extracted after considerable processing. To eat the tough 
Galium, gorillas employ a hierarchy of fine motor movements with their hands and teeth in a 
sequence that rarely varies. Program level-imitation involves both imitation of hierarchical 
routine and the imitation of individual subroutines. Success in the former is not possible 
without achieving the latter. A gorilla might successfully imitate subroutines but not master 
the entire logical sequence, thereby rendering the entire behaviour patter useless. At the same 
time, subroutines or individual pieces of behaviour might be imitated by an ape with a perfect 
understanding, while the entire hierarchy might be copied without such deep understanding of 
the process. The sequences involved seem to be learned by infant gorillas from observing 
their mothers, but not all the details of the behaviour are copied. Byrne (1995) argues that 
some sort of statistical parsing of the action sequences, together with observation of the 
consequences of each, might be sufficient for this sort of learning. This requires infant 
gorillas to be capable of categorizing movement types, but they do not yet have to be 
representing, and figuring out, the intentions of their mother. By around the age of eighteen 
months, in contrast, human infants will copy actions by imitating a model’s intention. Thus if 
human infants see an adult trying to pull apart two components of an unfamiliar object, they 
will replicate the successful target action themselves, irrespective of whether or not the adult 
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even succeeds (Meltzoff, 1995). Furthermore, when human infants watch two sequences of 
action with interesting results, one of which is signaled as intentional (by the actor saying, 
“There!” on completing it) but the other of which is signaled as accidental (by the actor 
saying, “Oops!”), they are much more likely to imitate the former (Carpenter et al. 1998).This 
fits nicely with data that suggests infants are capable of identifying and reasoning from an 
agent’s apparent goals (Gergely et al. 1995; Gergely and Csirba, 2003). Previous studies (e.g., 
Bause and Mandler, 1989) have found that child subjects could imitate behavioural sequences 
more accurately and with less experiential learning if the steps in the sequence are causally 
connected.  
The study of child development has yielded an impressive amount of research over the 
past two decades. Unfortunately, this research has also produced a diverse, and sometimes 
contradictory, pattern of results. A close examination of most of the evidence, however, does 
indicate a coherent view of infant cognitive development — one that describes changes in 
child cognition as hierarchical in nature, in other words, a constructive view of infant 
cognition. In chapter 5, I shall propose such a hierarchical view by comparing the learning 
strategies of two ape species (humans and chimpanzees) during development, detailing 
several studies that illustrate these principles, and presenting a learning system that is 
consistent with the empirical evidence. 
Although the field of developmental psychology has come a long way since the days 
of Watson (1913) and his extreme tabula rasa view of newborns, the nature–nurture debate 
continues to rage on in one form or another (see Elman, 1996; Haith, 2000 and Spelke, 1998).  
Cognitive developmental literature now includes a detailed examination of children’s 
apparent understanding of certain physical laws such as solidity (Cohen, 1995; Cohen, 
Gilbert, and Brown, 1996), object permanence (Cashon and Cohen, 2000), causality (Cohen, 
Spiteri A. 
 
 
 28
1995 and Cohen, 1998), and most recently addition and subtraction (Cohen and Marks, 2002). 
In each case, the newer studies indicate that simpler perceptual and attentional processes can 
explain the apparent precocious performance of young infants, and that assumptions 
regarding innate core knowledge or pre-built modules may be unnecessary or even 
misleading. 
Instead young children are likely to be developing their knowledge about the world by 
way of a continuous interplay between a set of domain-general learning mechanisms and 
changing environmental experiences. In some respects this view resembles, or at least has 
been inspired by, Piagetian theory. For example, we assume that development can be 
described as a bottom-up, or constructivist process according to which infants initially 
process simple perceptual units. These simple units then become integrated into more 
complex, higher order units which themselves become integrated into yet higher order units. 
Thus, as in Piagetian theory, development follows a hierarchical progression. 
In chapter 5 children will be tested, and compared to chimpanzees, on their ability to 
recognize and acquire the elaborate and highly structured organization of behaviour in a 
complex task. This capacity has been argued to strongly suggest “program-level” imitation: 
copying the structural organization of a complex process by observation of another’s 
behaviour, regardless of how the exact details of actions are acquired (Byrne, 1993; Byrne 
and Russon, 1998). “Program-level imitation is a high-level, constructive mechanism, adapted 
for the efficient learning of complex skills and thus not very evident in the simple 
manipulations used to test for imitation in the laboratory” (Byrne and Russon, 1998, p.667). 
Humans are capable of true  imitation, which requires the development of a number of 
distinct abilities. One is to identify the overall goal of the target behaviour, interpreting the 
behaviour in question as performed with the intention of achieving that goal. Another is to 
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parse a complex behaviour into its component parts, understanding the resut in terms of goal 
and sub-goal structures. Another ability is to discriminate the relevant from the irrelevant, 
both in the details of the actions themselves, and in their effects. Each of these abilities might 
be underpinned by a distinct brain module- a built-in mind-reading module, for intention 
attribution; a statistical parser of a sort that might be shared with gorillas; and one or more 
causal-reasoning modules, which might or might not be shared with other animals. Whether 
the propensity for imitation results from the addition of one or more new modules to the 
repertoire of the other great apes (perhaps a mind-reading module or a deeper causal-
reasoning module), or rather from a novel disposition to utilize a set of existing modules in a 
new way (perhaps by adding a disposition to take the acquisition of novel behaviours as an 
explicit goal), seems an open question. Richerson and Boyd (2005) argue that the cognitive 
differences underlying the enhanced imitative abilities of humans over other animals may be 
fairly small but their effects have been dramatic. As a result of these small cognitive 
differences, successive accumulations in material culture become possible, leading eventually 
to cumulative culture. Innovations introduced by innovators can be reliably learned by others 
and spread through the local population, setting up a base from which further innovations can 
be made and disbursed. The result is very much like a ratchet effect, with each generation 
building on the achievements of a previous one.  
Premack and Hauser (2001) described that the cognitive function of culture is to 
clarify what cooperative groups value. Once someone hits upon a good idea, others can learn 
it from them with ease, and develop it further. Tomasello used the ratchet effect (see figure 
1.2) metaphor to illustrate the evolution of culture (Tomasello, 2000). He explains that the 
sharedness of human culture means that it is cumulative in character. Once a certain invention 
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has been made, it can jump from one mind to another (by means of imitation) and thus a 
whole population acquires a new trait (and so the ratchet has gone "up" one tooth).  
Tomasello's ratchet only works when certain conditions are satisfied. The first 
condition is cognitive, that individuals should be able to learn by high fidelity imitation of 
behavioural programs. Tomasello argues that it is the slavishness of imitation that leads to our 
remarkable culture, setting us apart from other animals. High fidelity social learning allows 
information about technique to be transmitted and accumulated. The second condition is 
social: individuals should live in highly cooperative groups. Only then can the advantages of 
sharing information outweigh the competitive edge that an individual gains from keeping its 
fitness-increasing information to itself. In other words, Tomasello's ratchet requires group 
selection.  
The ratchet effect is crucial for cultural evolution. Although other species may show 
cultural traditions (such as population-specific and socially acquired patterns of behaviour 
like hand-clasp grooming and termite fishing in chimpanzees) the details of such behaviour 
will often be lost, and new inventions may never be passed on (but see my own results in 
chapter 3 for evidence that culture in chimpanzees does indeed carry from one generation to 
another with high fidelity). 
The third condition to Tomasello's argument is history. In particular, he contends that 
our uniquely human capacity for identifying intentions in others forms the foundation for our 
extraordinary history as a species. It's not that other species are incapable of using tools, 
computing simple mathematics, or generating signals with language-like properties. But other 
species cannot build on such foundational capacities to increase the richness of each domain 
of knowledge. The historical record that humans have laid down brings to life the minds of 
our ancestors, individuals who could recognize the intentions of others, acquire their tricks, 
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invent new ones, and maintain traditions. According to Tomasello (2000), recognizing the 
intentions of others is the only factor that really sets us apart from other species and that much 
of what we think is interesting about human cognition comes from what we learn from our 
culture. 
Tomasello implies that those who hold a domain-specific view of human cognition 
argue that experience is irrelevant or trivial. Hauser (2000) disagrees making a case for those 
who hold a domain-specific view: “what is innately specified constrains what experience is 
relevant, when it is relevant, and how it sculpts different possible phenotypic outcomes”.  
No one claims that innate factors fix phenotypic outcomes; instead, these factors limit 
the range of possible phenotypes. This view of development represents a dialogue between 
the nativist and the empiricist, and is far more productive than either swing of the pendulum 
from nature to nurture.” Hauser adds that “what allows humans to go beyond animals is our 
language... None of these capacities depend on inferring the mental states or intentions of 
others, and most researchers invested in this domain of knowledge are keenly interested in 
both innate constraints and the role of experiential modification, even if they disagree about 
the specific details of the underlying mechanisms.” (Hauser 2000, p. 816). 
Arguments relying on one domain-general capacity, such as Tomasello’s 
psychological golden key for our uniquely human nature have come under criticism. Hauser 
(2000) suggests that many of the cognitive abilities that separate us from other species are not 
due to our capacities to attribute mental states to others and to identify others as being similar. 
For example, although animals share our capacity for dead reckoning, as well as the ability to 
recruit a geometric module for spatial orientation, only humans appear capable of conjoining 
geometric and nongeometric features by using a linguistic system as a mediator across 
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Figure 1.2 – Tomasello’s (2000) “ratchet effect” is the commonly observed phenomenon that 
some processes cannot go backwards once certain things have happened, by analogy with the 
mechanical ratchet that holds the spring tight as a clock is wound up.  In the illustration 
above, a black ball resting on two stair like plates (1) moves up (2) as one of the plates slides 
up pushing the ball upwards onto the next step (3). 
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different domains. Similarly, the mechanisms that underlie our extraordinary abilities in the 
domains of number, language, and mental state attribution might all be linked to a more basic 
capacity: recursion. To date, we have no evidence that animals can think recursively in any 
domain. If this distinction holds up, it would provide a powerful explanation for the 
limitations observed in many domains of knowing. 
 
1.4 Methods Used to Investigate Social Learning 
The literature includes a great deal of variability in terms of methodologies that have 
been used to investigate social learning in non-human primates. Studies have been conducted 
in both wild and captive settings, using both conspecific and human models as a basis for 
potential social learning. It is therefore not surprising that the mechanisms and function of 
social learning remain controversial.  
There are two main ways that scientists have attempted to gather evidence as to 
whether social learning occurs or not. There are experimental laboratory studies and 
observational studies that look at the animal in its typical setting. 
 
1.4.1 Observational research 
Observational approaches are very effective when documenting social contexts and 
intergroup variation in behaviour and also when seeking comparable evidence about specific 
practices in different groups. Observational designs are also useful when there is a need for 
high external validity (Whiten, 2008). 
There are, nonetheless, a number of potential uncertainties associated with 
observational studies. Observational approaches are less useful when trying to determine with 
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certainty whether observed changes in behaviour are due to social learning. This is because 
there is no control group that can demonstrate whether or not a given behaviour occurs in the 
absence of the model. Asocial influences cannot be ruled out as the cause of any action 
without a control group. Ecological differences that may be critical to behavioural expression 
in apes may be indistinguishable to a human observer (Tomasello, 1990). In addition, even if 
environmental uniformity is assumed, past ecological conditions cannot be determined (Call 
and Tomasello, 1998).  
The degree of habituation, and therefore the probability of observing behavioural 
variants can also differ between study sites (McGrew, 1992, 1994). The status and number of 
individuals involved may influence observation of behaviour. For example, behaviours that 
are performed by high-ranking, conspicuous individuals, or that convey an obvious adaptive 
advantage, may be more noticeable than subtle behaviours of a lower ranking member 
(Visalberghi and Fragaszy, 1994; Laland, 2004). It has therefore been argued that traditions 
cannot be determined purely on the basis of observational data (Nagell, et al. 1993a; 
Tomasello, et al. 1993a). 
 
1.4.2 Experimental research 
A number of experimental studies that have tried to obtain evidence of imitation in 
tool-using tasks have produced both negative (Call and Tomasello, 1995; Nagell, et al. 1993; 
Povinelli, et al. 2000; Tomasello, et al. 1987) and positive results (Myowa-Yamakoshi and 
Matsuzawa, 2000; Visalberghi and Limongelli, 1996). 
Presenting subjects with tasks that have a natural analogue may lead to richer results. 
The failure of chimpanzees to imitate actions such as raking food through metal bars 
(Tomasello, et al. 1987), or reshaping plastic tubing (Povinelli, et al. 2000), cannot 
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necessarily be extrapolated to natural behaviours such as ant-dipping or nut-cracking (Boesch, 
1993; Whiten, 1993). Because tool-use is unusual, and not apparent in many primate species, 
experiments involving non-tool using tasks, such as food processing were required (Whiten, 
et al. 1996). A family of more “natural” looking, experimental devices (“artificial fruits”) has 
been developed to this end (Whiten, 2002). 
 
1.4.3 Two action procedure 
The contemporary method of choice to demonstrate imitation learning by excluding 
other mechanisms is the two-action procedure (Dawson and Foss, 1965), where the 
experimental set-up allows two alternative possibilities for solving a mechanical task. A 
trained model demonstrates one of the two options to naive observers. The criterion for 
imitation learning being at work would be a resulting bias of the observers towards the 
performance shown by the model, whereas control animals, which were not exposed to the 
model, should not show such a bias (‘non-exposed control’, Heyes et al. 1992). Additionally, 
different models may show one of the two alternative actions, for example pushing a lever 
either towards the left or towards the right. To qualify as imitation learning observers should 
show a behavioural bias towards the method demonstrated by their model (‘pattern control’; 
Heyes et al. 1992). Non-exposed control and pattern control require two groups of models and 
observers, tested for the alternative task, and a control group without presentation by a model. 
Therefore, quite a large number of experimental animals are necessary, which often makes the 
two-action procedure hard to employ. This is especially true when working with animals like 
apes that are rare and expensive to maintain. 
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1.4.4 Artificial fruits 
Tasks such as an ‘artificial fruit’ have been designed, incorporating the two-action 
method described above to control for stimulus enhancement. This approach requires that the 
external defenses of the “fruit” be removed in order to open it and obtain a food reward.  
In order to assess the information that an individual extracts from an observation, 
subjects observe a demonstrator open the fruit in one of two ways and then attempt to open 
the artificial fruit themselves. Artificial fruit experiments have consistently generated 
evidence of imitation in chimpanzees (Whiten, et al. 1996; Whiten, 1998a; Whiten, 1999; 
Whiten, 2000; Horner and Whiten, 2005) insofar as each action is differentially adopted by 
observers. However, when using the two-action method it is important to consider the 
possibility that emulation may be at play, in that rather than imitating the operator the 
chimpanzees may, perhaps, be learning about the way in which the fruit operates (Tomasello, 
1996). Nevertheless, these systematic approaches make it possible to use a naturalistic 
paradigm in an artificial setting. 
The following chapters describe 5 experiments which explore different aspects of the 
social learning phenomenon. In chapter 2, I describe a study which tested chimpanzees’ 
ability to acquire behaviour through social learning. Chapter 3 describes two more 
experiments on copying behaviour in chimpanzees with the aim to determine whether 
behaviour can diffuse across neighbouring communities. Chapter 4 explores directed social 
learning in chimpanzees and examines the role of social dynamics on social learning in the 
context of kinship and status. Chapter 5 compares children and chimpanzees on their ability 
to interpret and replicate hierarchically organized behaviour.   
The final chapter, chapter 6, explores the implications of task complexity, group size 
and the importance of comparing multiple populations. There is a comparison between 
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experimental sites and a discussion of similarities and differences between the results 
gathered at different field stations.  
Each experiment described in this manuscript makes use of artificial foraging devices 
that were carefully designed according to the powerful two-action paradigm. 
 
1.4.5 Emulation versus imitation: Ghost controls 
Researchers have become increasingly aware that, when an observer sees body 
movement generating object movement, his or her reproduction of the action might be 
causally related, not to the model’s body movement (imitation), but to the observed object 
movement (emulation; Tomasello et al. 1993). Under these circumstances, emulation may be 
more probable than imitation. This is suggested by research showing that, regardless of 
whether people are watching arm, hand or finger movements, passively or for subsequent 
imitation, they tend to fixate on the end-point of the trajectory (Mataric and Pomplun, 1998). 
When action on an object (transitive action) is observed, the object typically lies at the end-
point of the movement. Therefore, these eye-tracking data raise the possibility that emulation 
tends to overshadow imitation when transitive actions are observed.  
Children (Huang et al. 2002; Thompson and Russell 2004), apes (Tomasello et al. 
1987; Toth et al. 1993; Call et al. 2005; Horner and Whiten 2005) and birds (Huber et al. 
2001; Klein and Zentall 2003) all have the capacity to learn through emulation.  
The ‘ghost condition’ is used to determine whether learned behaviour is the result of 
imitation or emulation. This methodology makes use of a condition in which each part of the 
apparatus moves without the presence of a conspecific operating it. This allows for the 
experimenter to determine whether the presence and activity of another individual is 
important in learning new behaviours. Using this technique, our own findings (Hopper et al. 
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2007) revealed that when acquiring novel behaviour the presence of a model helps facilitate 
learning in chimpanzees. Hopper (2008) noted that children’s performance on a ‘ghost 
condition’ also improved with the mere presence of another child, even though that child 
remained inactive and did not take part in demonstrating or interacting with the task.   
Hopper (2008) found that children were more likely to copy the actions of 
conspecifics rather than the ‘ghost conditions’. This is consistent with the findings of Call et 
al. (2005) who concluded that instead of the end-state (i.e. emulation), children were more 
likely to pay attention to the actions of a task being performed by another individual. Hopper 
(2008) concluded that children do emulate when imitation is not possible, however findings 
by Horner and Whiten (2005) suggest that children often prefer to imitate rather than emulate, 
even in cases when imitation is not the best option. 
Causal understanding may be a main factor in determining when imitation occurs. 
When chimpanzees understand the causal structure of a task they use emulation (Horner and 
Whiten, 2005) whereas, when they lack this understanding they may engage in imitation.  
While children and chimpanzees see no conspecific performing the actions in a ‘ghost 
condition’ task they may be naturally inclined to analogize the moving parts to the exertion of 
pressure by another individual, given that it had an effect. This seems plausible in the light of 
Wagner, Winner, Cicchetti, and Gardner’s (1981) evidence for perceptual analogy-making in 
9 month old infants. Perhaps young children and chimpanzees analogize mechanical events 
with outcomes to (imitable) actions. If so, this would account for Hopper et al. (2007), 
Hopper (2008) and Thompson and Russell's (2004) data on the ‘ghost condition’, previously 
interpreted in terms of emulation. Future research is needed to determine whether what looks 
like emulation in young children and chimpanzees is in reality analogizing from a mechanical 
process with an outcome to conspecific agency.  
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1.4 Tradition and Culture 
1.4.1 Defining tradition and culture 
An ongoing debate over definitions carries on. This requires any author writing about 
the topic to clearly define what they are intending when referring to ‘tradition’ and ‘culture’ 
in any part of their research. This is primarily because there is discord in the literature leading 
some in the field to adopt different definitions and attribute variation in meaning to some of 
the more subjective words. It is worth conceding that none of the preferred definitions can be 
empirically more ‘correct’ than others. Some definitions may, however, be more generally 
lucid than others and resemble everyday usage. An example of this is when the term is 
already documented in ordinary dictionaries: in this case some definitions might be less 
arbitrary than others. Laland and Hoppitt (2003, p. 151) noted that “culture is as rare or as 
common as it is defined to be”. 
Fragaszy and Perry (2003, page xiii) define tradition as “a distinctive behaviour 
pattern shared by two or more individuals in a social unit, which persists over time and that 
new practitioners acquire in part through socially aided learning”. However, according to 
McGrew (2005) a tradition needs additionally to manifest itself inter-generationally. The 
definition provided by Fragaszy and Perry (2003) appears to be widely accepted in the 
literature and the current author is satisfied to follow suit.  
For decades, researchers in psychology, anthropology and biology have debated what 
“culture” is. Oftentimes culture is considered to be synonymous with tradition; this came 
about from the study of ‘culture’ in bird songs (Marler and Tamura, 1964; see Catchpole and 
Slater, (1995), for a review). Later the parallel was expanded to also include other animal 
traditions (Slater, 1985), and this is where the diversion in literature appears to have begun. 
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Usually, when culture is taken to mean something other than tradition it simply 
requires that more criteria be implemented on top of what is generally understood to be a 
tradition. That is, more distinctly human-like criteria are added on to reflect the scale and 
scope of human culture.  
Some anthropologists (Braumann, 1999; Shore, 1996; Sperber, 1996) now believe that 
culture is a complex web of shifting meanings that connect people in a physical or virtual 
locale. In this view the concept of culture may seem like a moving target that scientists are 
unable to agree on. Broad definitions emphasize the acquisition of behaviours by succeeding 
generations through social learning of any kind, such as adopting an activity after seeing it 
performed many times by many different individuals. Stricter definitions focus on shared 
behaviours cultivated solely through teaching or one animal imitating another.  
The most commonly used definition of culture in research concerning wild animals is 
that culture involves behaviours that are common (customary or habitual) in at least one site, 
but are absent in at least one other site, without concomitant genetic or environmental 
differences among these sites (McGrew and Tutin 1978; van Schaik 2003; Whiten et al. 
1999). This definition has been used by researchers to infer the presence of cultural 
behavioural variants in a variety of species (bonobos: Hohmann and Fruth 2003; capuchins: 
Perry et al. 2003; cetaceans: Rendell and Whitehead 2001; chimpanzees: Whiten et al. 1999; 
2001; orangutans: van Schaik et al. 2003) and it is a definition that I am happy to adhere to.  
Rather than dwelling on whether a species has culture or not, Whiten and colleagues 
(2003), Whiten (2005) and Byrne et al. (2005), propose alternative frameworks, encouraging 
authors to look outside a unitary definition and explore instead the distribution of several 
culturally-relevant characteristics. 
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1.5.2 Selective copying 
Different species, and possibly even subgroups of the same species, may differ in the 
way that they copy behaviour or components of behaviours. Some may copy every step that 
they observe (e.g. children and maybe army soldiers, because they are trained to follow 
specific orders) and others (e.g. chimpanzees) elect to copy only segments of a model’s 
actions that are productive in achieving a desired goal (Want and  Harris, 2001; Whiten and 
Horner,  2004).  When useful new ways of acquiring food become available for social 
learning they will be copied, but they will be imperfect versions of the original method. As 
the technique spreads, individuals will deviate slightly from the model, and variation serves to 
fuel instrumental learning. Those who possess the finest technique are more likely to be 
copied than those who do poorly. Cultural spread provides an unrefined version, but selective 
copying gradually shapes the actions of individuals towards the most efficient style. 
The process by which an individual is cognitively aware of which actions are 
associated with specific outcomes is known as causal relevance (causality- discussed further 
in section 1.5.3 in this chapter). Whiten and Horner (2004) presented chimpanzees with an 
opaque box, and a human model demonstrated how to retrieve a reward that was inside the 
box. First, the model was seen poking a stick tool into the top of the box and then remove it. 
The second step showed the same tool being inserted in another hole on the side of the box. In 
another condition the same actions were demonstrated. However, in this case the box was 
clear so that observers could see that when the tool was inserted into the top hole it would 
strike a false floor. Therefore the first step could be deduced as unproductive. Chimpanzees 
that saw the unproductive actions (clear box) were less likely to insert the tool in the top hole. 
This indicates that chimpanzees do not simply mimic behaviours that they see but instead 
they conduct cognitive analyses that identify suitable causal connections associated with 
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desirable outcomes. Chimpanzees and orangutans are capable of producing tools at one 
location for use later at another location (Goodall, 1986; Fox et al. 1999). This does not 
confirm that chimpanzees have an understanding of causality per se but they may have an 
anticipatory appreciation of the physical connections that are necessary for a tool to make 
specific actions happen (Whiten and Horner, 2004). 
 
1.5.3 Enculturation 
Enculturation is used to describe chimpanzees that have become ‘used’ to seeing and 
perhaps interacting with humans and humanized environments. This experience, allegedly, 
bestows the chimpanzees with humanlike abilities, and deprives them of their more ape-
typical experiences and responses. For example, chimpanzees that are not ordinarily very 
imitative in nature, acquire more imitative capability as a result of human enculturation. As a 
result of enculturation, a newfound social repertoire sets them apart from their non-
enculturated counterparts.  
The argument that extensive human contact can lead to a fundamental change in the 
socio-cognitive development of great apes (Call and Tomasello, 1996; Premack, 1983) has 
been drawn in light of a number of studies that have compared chimpanzees with different 
rearing histories. Tomasello et al. (1993b), found that enculturated chimpanzees and human 
children could imitate novel object manipulations significantly more than mother-raised 
chimpanzees.  
It has been suggested that enculturation of chimpanzees via extensive human contact 
increases a broad base of socio-cognitive skills due to: 
(i) increased exposure to objects with specific functions,  
(ii) increased opportunity for demonstration,  
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(iii) training that produces specific skills and focuses attention,  
(iv) being treated intentionally allows chimpanzees to perceive others as 
intentional (Call and Tomasello, 1996; Tomasello, et al. 1993a,b).  
 
It has also been argued that only enculturated apes are capable of imitation (Call and 
Tomasello, 1995; Nagell, et al. 1993), and symbolic communication (Savage-Rumbaugh, et 
al. 1986; Tomasello, 1992). However, many accounts of the achievements of enculturated 
apes are anecdotal. Behaviours are more likely to be recorded in an enculturated home 
environment due to continuous opportunity for observation, compared to a few hours of 
experiment data. There is also little control over the extent or age at which enculturation 
occurs.  
It seems unlikely that evolution has favored a dormant cognitive capacity that is not 
expressed under natural conditions. Therefore, the basis of the ‘enculturation hypothesis’ 
came under criticism when Whiten queried: “Could a species for whom imitation is not part 
of their “nature” be got to imitate merely by being subjected to the circumstances which 
nurture the development of human imitative ability?”, adding that “a certain natural ability, 
along with certain experiences, may be necessary to generate imitation”. In a critique of the 
enculturation hypothesis Bering (2006) argues that “it is premature to state that human-raised 
great apes have undergone any meaningful alteration of their species-typical cognition.” 
Some authors have argued that chimpanzees demonstrate their most sophisticated 
behaviour in the natural environment in which the ability evolved. Exposure to human culture 
only replaces the rich social and physical environment that would be experienced in the wild 
(Boesch, 1993; Boesch, 2007; Whiten, 2000).  
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Captive studies that yield negative evidence for imitation might therefore be the result 
of impoverished physical and social environments which could retard cognitive development. 
It has also been argued that imitation is expressed in enculturated subjects because they have 
familiar and unintimidating models (de Waal, 1998).  
Spontaneous self-selected behaviour could therefore provide a better candidate for 
imitation. This may explain anecdotal reports of imitative behaviour in the context of play 
(Matheson and Fragaszy, 1998; Miklosi, 1998; Miklosi, 1999; Visalberghi and Fragaszy, 
1994), and non-instrumental behaviours such as arbitrary gestures (Custance, et al. 1995; 
Myowa, 1996), vocalisations (Marshall, et al. 1999) and posture (de Waal 1982). 
 
1.6 How Social Dynamics Impact Social Learning 
Coussi-Korbel and Fragaszy (1995) have proposed that social learning depends on 
social dynamics that govern the relationships among individuals. To the extent that 
acquisition of information about the activity of another is affected by proximity to that other, 
all else being equal, both tolerance of knowledgeable individuals for the presence of others 
and proximity seeking by the naive should affect the probability that the naive will acquire 
the behaviour of the knowledgeable. I agree with Lefebvre and Palameta (1988) and Coussi-
Korbel and Fragaszy (1995), both that occurrence of social learning is more likely to reflect a 
species' ecology and social organization than its phylogeny, and that effects of social 
dynamics in modulating and directing social learning are, though little studied, of 
fundamental importance in understanding when and how social learning will occur.  
The relatively recent realization of the potential importance of social dynamics in the 
lives of animals has led to a significant increase in the number of empirical investigations 
concerned with the effects of social dynamics on the acquisition and performance of 
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behaviour. Expansion in the empirical data has been accompanied by substantial progress in 
development of formal models predicting when and from which individuals information 
should be acquired socially. In chapter 4 I first review a few of the many instances that, it has 
been suggested, demonstrate the influence of social dynamics on social learning in humans 
and animals. I then describe an experiment that explores who learns from whom, kin based 
learning and status, and finally discuss the results in light of recent theoretical developments. 
 
1.7 Outline of Thesis 
A series of five experiments described in this report investigated chimpanzees’ and 
human children’s capacity to learn through observing conspecifics. The learning strategies 
employed, the ability to sustain socially learned behaviours and chimpanzees’ capacity to 
transmit traditions across groups will be discussed in the following chapters.  
The first study attempted to replicate the Yerkes findings of Whiten and Horner 
(2005) which showed that chimpanzees have the capacity for social learning. I will examine 
whether Bastrop chimpanzees (like those at Yerkes) also have the capacity to learn from 
others. Two more experiments will take the hypothesis that chimpanzees are social learners a 
step further and explore the possibility that traditions may be passed from one group to 
another. A 4th study (in chapter 4) sheds light on the strategies employed during social 
learning; rank and kin based stratagems. A 5th experiment (in chapter 5) will look at 
hierarchical versus sequential copying in human children and compares the findings to an 
earlier, methodically equivalent experiment with chimpanzees.  
The final chapter will discuss the implications of each study I outlined in relation to 
the broad literature and findings at different research sites in both captivity and the wild.  
 
 
 
 
 
 
 
 
CHAPTER 2 
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CHAPTER 2 - DIFFUSION OF TRADITIONS WITHIN CHIMPANZEE GROUPS; 
EXPERIMENTAL STUDY OF COPYING BEHAVIOUR IN CHIMPANZEES (Pan troglodytes) 
USING THE PANPIPES TASK. 
 
2.1 Abstract 
In 1999, Nature published a report documenting cultural differences in the use of tool and 
social behaviour across 7 separate wild chimpanzee communities in Africa. The number of 
cultural traditions observed greatly exceeds those found in other species. However confirming 
social learning without experiments is difficult. 
The present experiment systematically explored the scope of social transmission in 
chimpanzees by presenting two different captive groups with the same problem but different 
solutions. The study was conducted jointly with Lydia Hopper1. One chimpanzee from each group 
was shown a different way to use a stick to retrieve the food. The artificially seeded traditions 
were then tracked to determine the spread of different habits in the two different chimpanzee 
groups. Participants included 32 chimpanzees at the University of Texas’ MD Anderson Cancer 
Center. Using a two-action task called the “Pan-pipes,” we provide some of the first systematic 
evidence of social learning in non-enculturated chimpanzees and aimed to replicate some of the 
findings about Yerkes2 chimpanzees.  
Our attempt to create two separate traditions in two different groups of chimpanzees had 
limited success. Variation in enrichment techniques and other explanations that account for the 
observed differences between the Bastrop chimpanzees and those at Yerkes are extrapolated from 
the data and the findings are discussed in the context of existing literature. 
                                                 
1 L. Hopper and A. Spiteri conducted the pan-pipes experiment together. L.Hopper operated the panpipes and the 
camera at the window. A. Spiteri operated a camera which captured a bird’s eye view of all activity and documented 
social behaviours which were used in chapter 5. A. Whiten coordinated the research programme and provided 
essential logistical guidance and support. The resulting publication (Hopper et al. 2007) was drafted by L. Hopper. 
(See Appendix A5.4 for a copy of this publication) 
2 Yerkes National Primate Research Center at Emory University in Atlanta, GA, USA. Research by Whiten, Horner 
and de Waal (2005). 
Spiteri A. 
 
 
 48
2.2 Introduction 
Determining the chimpanzees’ capacity for social learning is the first step before one can 
answer more specific inquiries such as “what types of social learning are at play” and “what 
underlying mechanisms determine how things are learned?” If chimpanzees do in fact possess the 
ability to socially learn behaviours from other individuals and create traditions, then we can go on 
to determine whether, like in human cultures, those traditions can be passed on from one group to 
another by means of observation. The answer would also help us better understand who learns 
from whom and who learns what. 
The aim of this experiment was to replicate the findings of Whiten, Horner and de Waal 
(2005; described below) which showed that chimpanzees housed at Yerkes National Primate 
Center have a capacity for social learning on a two action task. Using the same methodological 
procedures used at Yerkes, we (Lydia Hopper and I) attempted to seed two separate traditions in 
two different groups of chimpanzees at the University of Texas MD Anderson Center in Bastrop. 
Determining whether Bastrop chimpanzees can acquire traditions by means of social learning will 
not only validate the Whiten et al.’s (2005) results through replication but will also help us 
understand the cognitive similarities and differences within and between captive chimpanzee 
communities. It serves to further help settle (experimentally) the debate on the chimpanzee’s 
capacity to learn through social learning and help identify any population specific behaviour 
patterns. 
When Jane Goodall set out to study chimpanzees at Gombe, Tanzania, in 1963 (Goodall, 
1963) she was first to document the behaviours of chimpanzees. Since then, a further 36 wild 
populations have been studied at field stations throughout Africa (McGrew, 1998; Whiten, et al. 
1999). Populations in Bossou (Guinea), Kibale and Budongo (Uganda), Tai Forest (Ivory Coast), 
Gombe and Mahale (Tanzania) have been studied extensively for 15 to 45 years each, and 
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therefore most of the existing behavioural variants have been recorded across these sites 
(McGrew, 1992; Whiten, et al. 1999) and it is clear which behaviours are absent. 
Comparisons between several study-sites in the wild have revealed population specific 
behaviour patterns, as regards to courtship, grooming and tool-use (Whiten, et al. 1999). A 
number of these patterns can be accounted for by habitat differences. For example, differences in 
nut-cracking behaviour at Bossou and Tai Forest were found to result from ecological differences 
in the nut species and availability of stone hammers (Sakura and Matsuzawa, 1991). However, a 
good number of inter-population differences cannot be explained away through such evident 
ecological (Boesch, et al. 1994; McGrew, et al. 1997), or genetic variation (Morin, et al. 1994; 
Whiten, et al. 1999). Consequently, these differences have often been described as cultural 
variants (Boesch, 1996a; Boesch, 1996b; Gibson, 1993; Kummer, 1971; McGrew, 1998; McGrew 
and Tutin, 1978; Whiten, 2000; Whiten, et al. 1999).  
Social learning was reviewed in chapter 1, nonetheless some key points bear reiterating for 
clarity. There are a number of different cognitive processes by which an individual may learn to 
modify its behaviour through the influence of another. Social learning confers a possible selective 
advantage to an observing agent by enabling it to tap into the existing experiences of conspecifics 
(Byrne and Whiten, 1988). For a detailed description of the various types of social learning please 
refer to chapter 1.3. Imitation is one example of social learning. The ability to imitate is a 
powerful tool that makes possible the transmission of behaviour. As discussed earlier, different 
researchers have used the concept of imitation differently. In this case we will adhere to the 
definition described by Whiten and Ham (1992) as the capacity for an individual to learn not only 
the goal, but some part of the form of the behaviour from a conspecific. 
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2.2.1 Previous work 
Whiten, Horner and de Waal (2005) trained a model from each of two groups of 
chimpanzees to use one of two methods (lift and poke) to obtain food from the same device. This 
model was then re-introduced to the group and allowed to demonstrate the task to other 
chimpanzees. The novel behaviour spread to most of the other group members and during this 
diffusion it started to take on different forms. Whiten et al. (2005) also claim to show a conformity 
bias. This conclusion was made after it was observed that some of the more innovative individuals 
discovered alternative methods to solving the task. Even so, these individuals increasingly used 
the more prevalent method employed by the majority. 
The present study makes use of the same Pan-pipes apparatus used by Whiten et al. (2005) 
at Yerkes to test whether the social learning effect observed by Whiten et al. (2005) is unique to 
Yerkes or widespread across chimpanzee communities at other locations. That is, to determine 
whether chimpanzees as a species have a natural tendency to learn from their conspecifics or 
whether the phenomenon is unique to Yerkes chimpanzees.  
 
2.2.2 Predictions 
It was predicted that individuals who observe an initial model would be more likely to 
learn a novel behaviour the model performs than naive individuals. Two artificially seeded 
traditions (1 in each of 2 groups) demonstrated by an expert model were expected to spread to 
other members of the group by means of social learning. 
Artificial foraging devices, like the one used in this experiment, make it possible to use a 
naturalistic paradigm in an artificial setting. This methodology was suitable to determine whether 
separate traditions could be created in two different groups of chimpanzees, focusing on 
chimpanzee-to-chimpanzee transmission. Designed according to the two action paradigm, the 
Spiteri A. 
 
 
 51
Pan-pipes allowed us to seed a different tradition in each of 2 experimental groups. A third group 
was given no demonstration and acted as a control condition. 
 
2.3 Method 
2.3.1 Participant colonies 
At the MD Anderson Cancer Centre (MDACC), in Bastrop, TX, there are over 140 
chimpanzees, most of which are housed in 8 different colonies. Table 2.1 shows the composition 
of the groups. Corrals 7 and 8 (composed of 19 chimpanzees) were chosen as ideal experimental 
groups because of their similarity in size. C1 (which included 9 chimpanzees) served as a control 
group, as explained below. For an overview of the composition of these groups see Table 2.1. 
 A more detailed description of the make-up of each of the 8 colonies is shown in 
Appendix 2.1. 
 
2.3.2 Housing 
The participants were held in their home corrals (see Figure 2.1) for the duration of the 
study. We anticipated that a familiar environment should maintain minimal stress levels during 
testing.  
Figure 2.1 shows the ‘windows’ around the outside of the corrals against which the Pan-
pipes were positioned. These windows measured 3ft high and 5ft wide. The windows were 
adapted for this study and a finer mesh was mounted over the bars to prevent the chimpanzees 
from reaching through to the apparatus or experimenter. A video camera was placed on the 
outside of the windows (out of the reach of chimpanzees) to record the behaviour and another 
camera was placed on top of the coral to capture a bird’s eye view of the social activity within 5 
metres of the apparatus. 
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2.3.3 Model selection 
Model selection for the Pan-pipes task is fairly crucial as an individual is required who 
will not be intimidated and one who will command the attention of other members of the group. 
Biro et al. (2003) suggest that a carefully selected (‘reliable’) model would lead to the 
transmission of a novel behaviour in a predictable and rapid manner. In light of this, a suitable 
high ranking female model was chosen from each group according to Biro et al.’s reliable model 
selection criteria. MY was selected as the model in B1 and MA was chosen in C1 
 
2.3.4 Apparatus 
The ‘Pan-pipes’ was selected as the most appropriate apparatus partly because Whiten and 
Horner designed it to follow the two-action method and also because it is appropriate to test for 
the transmission of traditions in chimpanzees. Figure 2.2 shows a representation of the apparatus. 
It is composed of two clear polycarbonate pipes positioned one on top of the other and angled at 
approximately 45°. A flap in the back of the Pan-pipes allows for the experimenter to feed food 
rewards into the top pipe. 
The participants are provided with a tool (see Figure 2.2) that they can use to cause the 
food reward to drop into the bottom pipe and roll out of the slot at the front of the Pan-pipes.  
The front half of the apparatus is rendered opaque with white spray paint, so that the 
reward is occluded from view of the chimpanzee and, therefore, discouraging inclinations to poke 
directly at it. The reward can, nonetheless, be viewed from the side, through a clear pane in the 
apparatus.  
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Name ID Sex Born Age Mother 
Group C1      
INDIA IN F C 21  
TRACEY TR F C 20  
OREO OO F C 20  
MAXIE  MA F C 20  
BART BA M C 18  
HOBBES HO M C 18  
BECCA BE F C 17  
KENO KE M C 17  
TAFFY TA F C 8  
Group C2      
MAE MA F W 43  
JUNIE JU F W 42  
PACER PA M W 36  
GREMLIN GR M W 36  
CORDOVA CA M W 35  
APRIL AP F C 27  
COCO CO F C 25  
HANNAH HA F C 17  
MARCUS MS M C 16  
AUSTIN AU M C 15  
RUSTY RU M C 12  
CHESTER CH M C 11  
SINDEE SI F C 7  
RHODA RH F W 44  
Group B1      
KELLEY KE F W 40   
MARY MY F W 41   
MARTHA MR F W 40   
BETSY BE F W 41   
TINKER TI F C 23 Kelley 
ZOE ZO F C 4 Mary 
CECELIA CE F C 15 Kelley 
HUEY HU M C 16 Mary 
PIERRE  PI M W 44   
Group B2            
GERTRUDE GE F W 38   
PEPPER PE F W 39   
TASHA TA F C 14 Jane 
RADAR RA M C 16 Gertrude 
MAYNARD MA M W 34   
JANE JA F W 35   
NINA NI F C 33 Pepper 
MOOSE MO M W 36   
Group B3           
PUNCH PU M C 23 Judy 
TONY TO M C 16 Lulu 
KUDZU KU M C 23 Delta 
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EMILY EM F C 22 Abbey 
DOYLE DO M C 23 Derma 
LYLE LY M C 8 Lulu 
CASSIE CA F C 17 Glenda 
LULU LU F C 24   
GLENDA GL F W 39   
SANDY  SA F W 34   
ABBEY AB F W 41   
Group B4           
XENA XE F C 7 Jana 
JUDY JU F W 38   
BETTY BE F C 32   
JANA JA F C 18   
MONIQUE MO F C 15 Michon 
HODARI HO F C 13 Judy 
BILLY BI M C 13 Betty 
JESSIE JE F C 13   
MICHON MI F C 23   
BO BO M C 13   
Group B5           
CODY CO M C 16 Bernie 
MISTY MI F C 22 Ursula 
HELGA HE F W 40   
JOEY JO M W 34   
URSULA UR  F W 42   
KARIN KA F W 44   
BERNIE BE F W 39   
ZIPPY ZI M W 35   
Group B6           
MARTIN MA M C 14 Muffin 
PECOS  PE M C 18   
ALEX AX M C 21 Gertrude 
MUFFIN MU F C 25   
SOPHIE SO F C 18   
ALPHA AL  F C 22   
BETA BE F C 12 Alpha 
TINA TI F C 20 Bernie 
LEXUS LE F C 8 Tina 
GAGE GA M C 5 Sophie 
      
 
Table 2.1 - Participant demographic information. Groups here described as B1-B6 for clarity are 
identified locally in the Bastrop facility as follows: B1 = C8; B2 = C6; B3 = C4; B4 = C3; B5 = 
C5; B6 = C 7. Colum include subject name; id code; gender where M = male and F = female; W = 
wild born; C = captive born; age is in years and maternal pedigree (where available) for each of 
the members of each of the experimental colonies used.  
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Figure 2.1 - Plan and photographic representations of the chimpanzee section at MDACC Bastrop 
facility. Each corral measures 30m in diameter, and represents a community of 7-16 chimpanzees. 
BLDG stands for ‘building’ where other chimps are housed. There are also several domes that 
house other chimpanzees. 
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The Pan-pipes were mounted onto a 60cm high table that has wheels at its base to facilitate 
movement during use. There are three reasons for placing the apparatus at this height; firstly it is a 
height that is comfortable for chimpanzees and it is also clearly visible to observer chimpanzees. 
At this height, the apparatus is also easily accessible for reloading rewards by the experimenter 
and for manipulating it. 
Two alternative models. Various methods can be used to obtain the food reward using the 
Pan-pipes, but for the purpose of this experiment just two of these methods were employed and 
only one was demonstrated by the model. Although initially it was planned that one method 
(POKE) would be demonstrated to one group of chimpanzees and another method (LIFT) would 
be demonstrated to a second group of chimpanzees, the approach was altered due to unforeseen 
events (described in discussion). The principle of this two-action design was to make use of the 
same apparatus in both experimental conditions. At the same time, it was intended to create 
distinct traditional variations within each of two chimpanzee groups. 
The poke method involved the insertion of the rod tool into the top flap at the front of the 
Pan-pipes, pushing the block up to the back of the upper pipe and causing food to drop into the 
lower tube to then roll down and out of the frontal slot (Figure 2.3 (a)).  
The lift method involved latching the rod tool under the T-bar and raising it upwards. In 
doing so, the block was lifted up and the food reward would roll forward and drop into the lower 
pipe and out of the frontal slot (Figure 2.3 (b)).  
The ultimate result for both these methods was the same in both instances, in that the tool 
was used, indirectly, to retrieve the food reward by causing it to drop out of the front hole on the 
lower tube. 
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Figure 2.2 - Schematic representation of the Pan-pipes apparatus; (a) Lift method (b) Poke method 
and (c) the Lift and (d) Poke methods from the perspective of the operating chimpanzee. Adapted 
from a design drawn by Horner and reproduced from Hopper et al. (2007). 
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Figure 2.3 - Schematic representation of how the Pan-pipes apparatus operates: ‘a’ shows a side 
view of the apparatus using POKE method. The reward can be seen rolling out of the lower tube, 
as the tool is put into the upper tube by pushing back the flap, ‘b’ shows a side view of the LIFT 
method. Reproduced from Whiten, Horner and de Waal, 2005) 
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2.3.5 Procedure 
The sessions were videotaped using two Sony Handycam HC14E digital video cameras 
and DV tapes. Video footage collected during the Pan-pipes experiment was analyzed and coded 
from commentaries (by Lydia Hopper baiting the apparatus and Antoine Spiteri collecting social 
data using a second camera with a bird’s eye view from top of the enclosure) that identified 
individuals within 1 metre and whose attention was oriented towards the apparatus. A chart of 
actions observed and performed by each individual was compiled on each of the following 
actions: “poke” - leading to food release; “lift” – leading to food release; “insert tool poke” – 
unsuccessful poke with no food release; “insert tool lift” - unsuccessful lift with no food release; 
“touch tool” – physical contact with tool. When related together, the data make it possible to 
determine the patterns of transmission.  
Each experimental colony went through several testing phases. First a suitable model was 
selected and trained to use the tool to retrieve the reward, using one of the two methods. Training 
continued until the model was able to retrieve the reward on 15 consecutive attempts. Once the 
model learned the task, it was then allowed to habituate to the testing area. The model was then 
reintroduced to the rest of the group and allowed to demonstrate the technique to the other 
chimpanzees. This was done so that all individuals could make enough observations before 
making their own attempt. In this case, all members of the colony had the chance to individually 
manipulate the Pan-pipes. After a few sessions we encouraged the original model to distance itself 
from the task and allow others to try. I now go on to describe each of the above-mentioned testing 
phases in more detail 
Training phase. Positive reinforcement training and observational learning was used 
during training (see Pryor, 2002). . Expert chimpanzee trainer Erica Thiele helped facilitate each 
of these sessions. 
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The target chimpanzee(s) were called inside, cued to “sit”, and reinforced with the use of a 
clicker and fruit juice. Gradually (using successive approximations) other group members were 
moved to the outside area and the door was shut. 
The model was then trained to approach the apparatus through further reinforcement using 
the clicker and juice. Reinforcement was provided for moving towards the apparatus and then 
progressively as the chimpanzee started sitting and staying at the target location (i.e. by the 
apparatus). Throughout training, chimpanzees outside the enclosure would bang loudly on the 
door causing stress to the individual being trained. Separation anxiety was reduced through vocal 
cues comforting the trainee, by praise and through positive reinforcement. The amount of time the 
individual was separated from the group was gradually increased, up to the goal separation time 
(30 minutes per session). 
Each time the trainee would perform a desired behaviour (initially touching the apparatus 
and/or tools and gradually progressing to touching the levers and becoming comfortable working 
with the apparatus) a high rate of continuous reinforcement was used at first, and then slowly 
changed to a variable schedule. At times the clicker proved to be a distracter and in such cases its 
use was stopped and vocal praises, such as “keep going” or “good job” were used instead. As 
progress was made, the amount and frequency of reinforcement was slowly reduced to only 
reinforce behaviours that would lead to solving the task. Behavioural milestones (such as 
ratcheting in the turnip or attempting to insert the right tool in the correct hole in the case of the 
Probe-task) were rewarded with a more substantial reward (half a banana, half a pear, half a kiwi 
etc.)  This pattern of shaping continued until the model could solve the task independently and 
gain the reward unaided and without reinforcement. 
After each training session the separated chimpanzees went through a reintroduction 
process. In order to reduce or eliminate aggressive behaviour being directed at the trainee by other 
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members of the group, active steps were taken to distract them and draw their attention away from 
the trainee by offering juice or favored enrichment items.   
‘Mary’ was chosen as the model for B1 and trained to use the tool to retrieve the food 
reward from the Pan-pipes using the LIFT method and this training took place within the indoor 
section of the enclosure. The training phase continued until the model was able to retrieve the 
reward from the Pan-pipes in the correct manner on 15 consecutive complete attempts. Other 
members of the group were locked outside during training; however, to minimize Mary’s stress 
levels during this phase, Zoë (Mary’s two year old child) was also present and able to observe 
during training sessions. A second model, Maxie, was trained in C1 using the same approach that 
was used to train Mary. 
Observation phase. In the Observation phase, but only after fulfilling the criteria for 
modelling behaviour in the outside setting, the model was re-introduced to the rest of the group. 
During this “watching” period all members of the group were able to watch both the Pan-pipes 
and the model manipulating the tool to retrieve the reward. Access to both inside and outside 
sections of the enclosures was allowed at this time. 
For a proper view of the Pan-pipes, the chimpanzees need to be situated reasonably close 
to the apparatus. Furthermore, while manipulating the apparatus, the operator may be positioned 
in a location that could potentially occlude the Pan-pipes from the view of others. Because of this 
set-up, the other members of the group would have to be located relatively close to the operator in 
order to gain consequential “insight” beyond stimulus enhancement. This “close knit” requirement 
also meant that the video-graphic equipment (which was located outside the enclosure walls and 
about three feet from the experimenter) would be able to capture all the individuals that were 
present and able to record the maneuverings of the operator. 
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During this stage, the tool was handed only to the model and the apparatus was baited. The 
experimenter continued to replenish the apparatus with rewards for as long as, and only when, the 
model remained in control of the tool. The experimenter withdrew the Pan-pipes in cases where 
an observing chimpanzee gained control of the tool and attempted to use it in the direction of the 
apparatus.  
This phase of the experiment allowed each individual sufficient time to observe the correct 
method before having a try at it themselves. It was also intended to prevent situations in which 
individuals attempt the task without having first observed the model. During this phase all the 
chimpanzees had an opportunity to observe the model manipulating the apparatus to retrieve the 
reward. 
Each observation session continued for an average of thirty minutes or until the model lost 
interest, whichever occurred first. The observation phase lasted five consecutive days.  
Diffusion phase. During open diffusion, the tool was presented to the model and, this time, 
the whole group had a chance to manipulate the apparatus themselves. In cases where the model 
was absent or apathetic toward the apparatus, the experimenter would give the tool to any another 
individual who fulfilled the criteria to be a model. Any chimpanzee that had claimed the reward 
over thirty times, using the original method for their particular condition, was considered to be a 
fit model. 
The initial test lasted 30 minutes. After this first introductory session, each consecutive 
session lasted for 5 hours with a total of 24 hours per group. These long hours were intended to 
have a satiation effect on the model, and subsequent operators, when using the task and left it 
accessible for other group members to use. “Low quality” food (this refers to foods that each 
chimpanzee considered less favorable to grapes; “Coco-Roos” were favored less by some 
individuals and more by others, “Kix” was another alternative) was used to reload the apparatus in 
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instances where an operator continued to hog the tool. This was done with the aim to satiate or 
“bore” the operating model and leave the apparatus accessible to others. 
Each session lasted for one-hour. During this time no instruction was given by the 
experimenter on how to operate the Pan-pipes, and the chimpanzees had the chance to operate the 
apparatus as they wanted.   
All interactions on the part of the experimenters were kept to the minimum, so not to act as 
a stimulus enhancer. The primary function of the experimenters during all phases and conditions 
was to mount and direct the filming of the experiment. Continuous presence and interaction with 
the apparatus was necessary, in order to maintain the apparatus stocked with food rewards.  
Other scenarios which require experimenter intervention have been devised at Yerkes 
(Horner, unpublished protocol) and include (i) conflict breakouts; apparatus withdrawn to prevent 
damage, (ii) apparatus is pushed backward by a chimpanzee; apparatus repositioned, (iii) during 
change of digital video tapes; apparatus withdrawn, (iv) damage caused to Pan-pipes or its base, 
(v) tool becomes jammed in the apparatus; experimenter should try to free the tool while 
maintaining the apparatus in position, (vi) trap becomes jammed preventing either method from 
being used (see Figure 2.4). 
This occurred when the T-bar got wedged at a 45o angle into the apparatus so that it 
became lodged and could not be pushed or lifted. In these circumstances the experimenter 
repositioned the trap using the bottom block attached to the T-bar while the apparatus remained in 
place.  
Statistics. Given small sample sizes, the non-parametric Mann Whitney statistical test was 
used to determine the presence, or absence, of statistically significant differences in the incidence 
of traditions between the two groups (B6 and B1).  
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Figure 2.4 - Pan-pipe Wedged T-Bar: Trap becomes trapped preventing successful use of either 
demonstrated method. 
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2.4 Results 
It was predicted, first, that observers would be more likely to learn a novel behaviour than 
individuals who do not observe a solution. This study was also designed to determine whether a 
significantly higher proportion of individuals from each of the two experimental groups do in fact 
display the method that was taught to the model, i.e. whether social learning was taking place.  
When MA (Maxie), the trained model in C1, was presented with the Pan-pipes on the 
outside of the enclosure, she showed no interest and was often displaced by high ranking males. In 
an attempt to proceed with C1 as an experimental group, OR (Oreo - another high-ranking female) 
was trained to act as a model instead of MA. However OR was also not interested in using the 
Pan-pipes while in the presence of others.  
We then decided to present the Pan-pipes to group B6 for an hour without training a 
model. One of the techniques (Poke) was spontaneously performed in B6 by chimpanzee BE. 
Since ‘poke’ was the method that we had attempted to seed in group C1, we treated group B6 
henceforth as the second ‘seeded’ group, and set aside group C1 for the remainder of the present 
study. B6 was used as a quasi-experimental group for the two-action design, in place of group C1. 
During the 1-hour session, MU (Muffin) and PE (Pecos) also acquired the same (poke) method. 
Because it was BE who performed the task successfully (i.e. attained the reward) on 15 
consecutive attempts, she was considered as the first model for the rest of the group. The sequence 
in which learners acquired each tradition was mapped out.  
In group B6 the poke method was acquired in sequence starting with BE (the initial model) 
then MU, PE, LE, SO, TI, GA, AA and MA (see Figure 2.5). BE discovered the poke method in 
less than 15 minutes, followed by MU and PE within half an hour from the time the experiment 
had started. The lift method was not discovered by B6 and therefore there was no order of 
acquisition of lift.   
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Group B1 was shown method lift by the trained model (MY) but others discovered the 
poke method independently. The poke technique was produced in the first 15 minutes by CE, who 
after achieving success on 15 consecutive attempts, qualified as the “original model” for this 
particular method. The other members of the group reproduced poke in the following order: BE, 
KE, TI, MR (see Figure 2.5). In group B1, the lift method started with MY (the original trained 
model) and diffused in the order of CE, BE, KE, TI and MR (see Figure 2.5). 
After observing a successful model gain a reward from the Pan-pipes, the Median latency 
from gaining access to the task to first success was 25 s (range 8 – 420 s) for group Poke and  43 s 
(range 6 – 530 s) for group Lift. Latency-to-success was timed with a stop-watch from video 
records and included all interactions with the task including sniffing, touching, biting and 
manipulating the tool, up to the point of first successful food acquisition. Table 2.2 shows the 
frequencies for group B6 on each variable measured. Table 2.3 shows the frequencies for group 
B1. At any given time a model was observed by an average of 4 other individuals (range 1-9; 
within 1 metre). Successful individuals spent on average about an hour (range 5m – 8h) extracting 
food from the Pan-pipes and an average of 35m (range 2m – 6.5h) observing another operator. On 
average each individual observed 79 successful food gaining operations).  
Although both groups predominantly used poke, individuals within the lift group (B1) 
used the lift method (demonstrated by the B1 model) significantly more often than those in the 
poke group (B6). Using the lift method (% Lift = [Lift/(Lift+Poke)] x100) was significantly 
greater for group B1 (median 0.8%, mean 2.16%) than for B6 (median 0.0%, mean 0.4%). The 
results of the Mann Whitney analysis, U (N1 = 7, N2 = 9) Z = -2.391, P = 0.03, showed that there 
are significant statistical differences between the lift actions in B6 (see Figure 2.6) and those in B1 
(see Figure 2.7). There was a greater percentage of lifts in B1 relative to those in B6.  Figure 2.8 
shows the percentage of lift actions for group B1. 
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Figure 2.5 - Order of acquisition for poke and lift techniques in groups B6 and B1. 
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 Lift Poke 
Obs before 
success Total_Obs Pcent_Lift 
N 9 9 9 9 9 
Mean 0.22 546.67 165.11 929.67 0.00 
Median 0.00 409.00 76.00 753.00 0.00 
Minimum 0 25 6 250 0 
Maximum 1 1915 496 1940 0 
 
Table 2.2 - Mean, median, minimum and maximum frequencies for Group B6 on each variable 
used in this analysis (where ‘Lift’ stands for the total number of lift actions, ‘Poke’ stands for the 
total number of poke actions, ‘Obs before success’ is the total number of observations before 
succeeding at extracting reward, ‘Total_Obs’ indicates the total number of observations through 
the 24 hour experimental phase and ‘Pcent_Lift’ is the percentage of lift actions by each 
individual. 
Spiteri A. 
 
 
 69
 
 Lift Poke 
Obs before 
success Total_Obs Pcent_Lift 
N 7 7 5 7 7 
Mean 32.71 550.43 271.60 796.71 2.16 
Median 3.00 267.00 124.00 613.00 0.08 
Minimum 0 0 25 134 0 
Maximum 213 1954 593 1762 9 
 
Table 2.3 - Mean, median, minimum and maximum frequencies for Group B1 on each variable 
used in this analysis.  
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C7 - Lift & Poke Actions
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LIFT 1 0 0 0 0 1 0 0 0 0
POKE 591 1915 93 1652 409 1029 25 169 106 583
PE AX MA MU SO BE AL TI GA LE
 
Figure 2.6 - Total number of lifts and pokes carried out by each group member in B6. ID 
abbreviations refer to the identity of each individual in the group, where PE is Pecos, AX is Alex, 
MA is Martin, MU is Muffin (original poke model), SO is Sophie, BE is Beta, AL is Alpha, TI is 
Tina, GA is Gauge and LE is Lexus. 
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C8 - LIFT & POKE actions
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LIFT 0 0 1889 213 8 1 3 4 0
PI HU MY BE MR TI CE KE ZO
 
Figure 2.7 - Total number of lifts and pokes performed by each group member in B1. ID 
abbreviations refer to the identity of each individual in the group, where PI is Pierre, HU is Huey, 
MY is Mary (original lift model), BE is Betsy, MR is Martha, TI is Tinker, CE is Cecilia, KE is 
Kelly and ZO is Zoë. 
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Figure 2.8 - Percentage of Lift actions by members of group B1. ID abbreviations refer to the 
identity of each individual in the group, where PI is Pierre, HU is Huey, MY is Mary (original lift 
model), BE is Betsy, MR is Martha, TI is Tinker, CE is Cecilia, KE is Kelly and ZO is Zoë. This 
scale has been capped at 30% for clarity, however MY performed lift 97% of the time. 
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2.5 Discussion 
It was predicted that an observer was more likely to acquire a novel behaviour when 
watching a model acting it out than in conditions where a model was not available.  
During the control session BE, MU and PE managed to perform the poke method within 
the first half hour of the session, making acquisition very quick. This was in conflict with data 
gathered from chimpanzees at Yerkes (N = 6), none of which solved the task (Whiten, Horner and 
de Waal, 2005). The number of controls used at Yerkes (6 chimpanzees tested individually and in 
small groups of 6 members or less) was smaller than our control group (B1, N = 9). The fact that 
multiple members in B1 learned to solve the task in a short time indicates a possible difference in 
the performance between chimpanzees that are in larger groups (in this case close to 10 members) 
as compared to chimpanzees in smaller groups (2 members) or on their own. Chimpanzees in 
larger groups may reap benefits from cooperating with one another and through shared knowledge 
- by ratcheting off of one another’s previous experiences.    
Chimpanzee communities in the wild generally live in groups of 20-150 individuals and 
travel in temporary parties of varying sizes (Goodall, 1986; Chapman et al. 1994; Watts and 
Mitani, 2001), therefore groups in the wild may be a lot more efficient at solving problems in their 
environment than those in small captive groups.  
Future research should focus on differences in speed of acquisition for groups of varying 
sizes and further explore the hypothesis that isolating pairs and individuals and reducing the sizes 
of chimpanzee groups (whether in captivity or through deforestation) has a negative impact on the 
overall level of functioning in chimpanzees. 
The present results along with those of Whiten et al. (2005) provide evidence of the 
presence of social learning in chimpanzees at the group level (ape-to-ape transmission). Traditions 
were acquired and diffused in each of the groups investigated insofar as a significantly higher 
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proportion of individuals from each of the two experimental communities displayed the method 
that was used by the original model (MY in B1 and MU in B6) shows social learning. 
Nevertheless most members in both of the groups (B1, lift; B6, poke) preferred to use an 
alternative method that they discovered on their own.  Thus both communities showed a particular 
preference for the poke method.  
In addition to group-size, there are various alternative hypotheses that may account for the 
discovery and frequent use of the poking technique observed in our results. Poking, for example, 
may be easier for chimpanzees. Perhaps, poking is an action that is already in the chimpanzee’s 
behavioural repertoire. Over half of the individuals in the lift group were wild-born, which makes 
them different from the chimpanzees at Yerkes, who were all born in captivity. It is not possible to 
tell whether a wild born chimpanzee has been exposed to a poking or poke-like technique (such as 
ant fishing) in the wild. Prior exposure may affect propensity to poke or lift.  
Hopper et al. (2007) suggested that regular exposure to “pipe-feeders” (sauce dipping), at 
the Bastrop facility, accounts for the inclination of the subjects to use poke instead of lift (see 
Hopper et al. 2007). Ecological differences may enhance or limit animal performance (Lindburg, 
1998). All our Bastrop subjects were provided with high levels of enrichment (perhaps more than 
they were at Yerkes, although this could not be confirmed). The “increased abilities” of Bastrop 
chimpanzees may, perhaps, be due to the highly enriched environment that they live in. 
Enrichment may have increased their general abilities and overall performance with complex 
tasks. Another possible explanation that may account for their preference may be linked to the 
affordance of the tool that was provided to them. Some affordances may be easier than others 
(because of chimpanzee anatomy or various other factors) and therefore more likely to be used; 
those that are more complex may be less likely to be used (Norman, 1993). Affordance, however, 
does not explain the difference between Bastrop and Yerkes.   
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The existing repertoire, a wild background, ecological enrichment, tool affordance and the 
possibility of a group size effect (i.e. chimpanzees in larger groups perform differently than those 
in smaller groups) are all plausible alternatives, so it is difficult to isolate pipe-feeding alone 
(Hopper et al. 2007) as the direct cause for the observed poking tendency without more systematic 
analysis. A simple way to explore both group size effect and tool affordance would be to provide 
the Pan-pipes to 4 groups of naïve chimpanzees of varying sizes (e.g. 1, 2, 6, and 10 members) 
and measure the performance of each group.  
It is also possible that an inherent design flaw in the Pan-pipes may have made it possible 
for chimpanzees to discover the alternate method through trial and error. Both techniques required 
the participant to use a tool to either push or lift a “T” bar. Essentially, this could be easily 
achieved by directing the poking tool towards the Pan-pipes and using a combination of jerking 
and stabbing actions. In this way the “T” bar could unintentionally be pushed or lifted and 
therefore releasing the food. This inherent lack in complexity may have made it possible for 
individuals in the “lift” condition to discover “poke” early on in the learning process. Future 
research should consider task complexity when selecting or designing experimental equipment.   
The Pan-pipes may have been sufficiently complicated for chimpanzees at Yerkes (Whiten 
et al. 2005) but proved somewhat easy for those at Bastrop. Comparison of the performance 
between the Yerkes and Bastrop sites suggests that larger groups may perform better than smaller 
groups. Chimpanzees that live in an enriched environment may also perform better than those in 
more deprived conditions. Object affordance, task complexity and existing behavioural repertoires 
of chimpanzees may influence behavioural variation.  The current experiment can not determine 
whether variation is due to task complexity, affordance, group size, enrichment, or a combination 
of these factors but it does demonstrate that chimpanzees at multiple captive sites have the 
capacity for social learning. 
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CHAPTER 3 - DIFFUSION OF TRADITIONS BETWEEN CHIMPANZEE GROUPS; 
TWO EXPERIMENTAL STUDIES OF COPYING BEHAVIOUR IN CHIMPANZEES (Pan 
troglodytes) USING THE PROBE-TASK AND THE TURN-IP TASK1. 
 
3.1 Abstract 
 Over 40 studies carried out with chimpanzees (Pan troglodytes) have identified a 
variety of social learning abilities employed to exploit the skills of others through 
observation. A number of authors have concluded that traditions may develop as a result. 
Chimpanzees appear to possess socio-cognitive capabilities critical for the development of 
culture.  
This study used a “two-action” diffusion method to provide the first systematic 
evidence of inter-group social learning involving a total of 53 non-enculturated chimpanzees. 
It was predicted that individuals who observed a novel behaviour in a neighbouring group 
would be more likely to learn the behaviour than individuals who either did not observe a 
solution or observed a group using a different technique. 
Two separate experiments are reported using two types of artificial foraging devices 
of varying complexity. A total of four different foraging techniques were seeded in two 
different groups of chimpanzees. These novel behaviours first spread to other group members 
and then serially across two neighbouring colonies in each case. 
                                                 
1 Results from this study were published in Whiten, A., Spiteri, A., Horner, V., Bonnie, K. E., Lambeth, S. P., 
Schapiro, S. J. and de Waal, F. B. M. (2007). Transmission of multiple traditions within and between 
chimpanzee groups. Current Biology, 17, 1038-1043. (See Appendix A5.5 for a copy of this publication) 
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 3.2 Introduction  
In chimpanzees, the exchange of information between whole neighbouring communities 
through observation is highly unlikely. The reason for this is that, like some insular human 
societies, groups of chimpanzees are very intolerant of other groups living in their proximity and 
whenever meetings occur the nature of the interaction is generally hostile (Goodall, 1986). There 
are nonetheless, instances when information is carried from one group to another through 
migration. Migrating females leave or are separated from their groups and settle into another 
(Goodall, 1986), often taking with them a variety of skills that they are likely to have learned 
through interaction with the first group (Biro et al. 2003). These behaviours may then be observed 
by members of the new group, learned and incorporated into their repertoire.  Young, and less 
often prime, estrous females are known to visit neighboring groups to mate at Gombe (Goodall, 
1986), Mahale (Nishida and others, 1985) and Tai (Gagneux and others, 1999). Bonobo 
occasionally mingle peacefully, and mating between members of different groups occurs at 
Wamba (Idani, 1990) and Lomako (Fruth, cited in de Waal and Lanting, 1997). Adult males do 
not interfere with such copulations (Kano, 1998). In this way traditions could be passed along 
from one group to another making intergroup transmission possible. Similar processes may have a 
similar effect in other animals.  
A plausible example of group to group transmission in chimpanzees is described in the 
literature. There are two separate but adjacent communities of chimpanzees, one living in Nimba 
and the other in Bossou, in Guinea. Nimba chimpanzees regularly crack Coula nuts. Bossou 
chimpanzees are used to cracking Palm nuts but not Coula nuts.  Matsuzawa and Yamakoshi 
(1996; Matsuzawa, 1996; Biro et al. 2003) presented the Bossou group with novel Coula nuts. A 
female chimpanzee named “Yo” demonstrated that she knew how to crack Coula nuts and her 
behaviour was subsequently transmitted to two other juveniles in her group. Although there is no 
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way to definitively conclude that “Yo” learned to crack Coula nuts on her own, the authors 
hypothesized that “Yo” may have immigrated to Bossau from the neighbouring Nimba mountain 
group.  
Subtle ecological differences may account for variations and similarities found across 
sites. Matsuzawa and Yamakoshi (1996) have suggested that ‘behavioural differences between 
communities are formed and maintained by balancing adjustments to local environments with 
dynamic cultural interchange’ (p. 229). Presence and accessibility of alternative food resources, 
tool availability, species phenology and other environmental differences across regions may affect 
the adoption of behaviour within a community or the frequency of its occurrence. Propagation of 
behaviours between neighbouring communities may also be restricted by the mode of 
transmission of the behaviour. The social context in which transmission takes place could also be 
limited by some form of social convention that is prevalent in the community and maintained by 
its members. Each of the aforementioned factors and the lack of migration studies that track 
movement of chimpanzees between neighbouring communities make it difficult to ascertain the 
occurrence of group to group transmission in the wild. When testing for socially acquired 
traditions, field research is known to provide greater validity than laboratory research does, 
nonetheless experimental research makes it possible to eliminate concerns about ecological 
variation and tool availability. However, to date there are no documented laboratory studies which 
examine intergroup transmission in chimpanzees.  
 
3.2.1 Diffusion studies 
First pioneered by Japanese scientists (Imanishi, 1957; Kawai, 1965; Itani and Nishimura, 
1973; McGrew, 1998; de Waal, 2001), studies of culture in animals have been around for about 
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five decades. Many of these studies fall within three types of experimental diffusion designs; open 
diffusion, linear chains and the replacement method.  
The most ‘naturalistic’ of the three diffusion designs is the open diffusion approach, which is 
considered to score high in ecological validity insofar as it reflects a situation that is common in 
nature (Whiten and Mesoudi, 2008). In this case, a novel behaviour is introduced into a group by 
training a model and then allowing that skilled individual to demonstrate the technique to the 
other naïve members of the group. This allows each individual in the group equal opportunity to 
learn a behaviour that they would otherwise be highly unlikely to discover through individual 
exploration. In the wild, this scenario could occur through individual migration between groups 
and it leaves open which of the group members might take notice of, learn from and possibly 
adopt the behaviour that they see.  
The open diffusion approach makes it possible to determine the actions observed by each 
group member and which individuals actually acquire new behaviour. Results of this approach are 
likely to be less ‘orderly’ than those of the other, more controlled methods. This is because at the 
point when the second and third individuals acquire the novel behaviour, it may become difficult 
to discriminate whether the last individual to acquire the skill, learned it from the first, second or 
both (Whiten and Mesoudi, 2008). Progressively, with each new learner, the question of who 
learned from whom becomes more and more difficult to unscramble. Additionally, each 
successive individual to acquire the new behaviour may modify its actions to match those 
expressed by each expert they attend to (Whiten and Mesoudi, 2008).  
Table 3.1 summarizes existing open diffusion experiments in the literature. Cambefort (1981), 
for example, provided whole groups of baboons with novel cues to buried food and traced the 
spread of discovery in each group (achieving unclear results). Sumita et al. (1985) introduced 
three nut-cracking chimpanzees to a group of nine naïve observers and found relatively weak 
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evidence of behavioural spread. In another open diffusion experiment, Lefebvre (1986) 
documented good level of spread of novel paper pecking behaviour when expert models were 
introduced into wild and captive pigeon flocks. Hannah and McGrew (1987) also found evidence 
for the spread of spontaneously initiated nut-cracking behaviour in a chimpanzee group.  
In stark contrast to the open group approach is the linear chain method (also known as 
‘diffusion chain’ or ‘transmission chain’). In this case, only one model and one naïve observer are 
involved at each step in the diffusion with each successive learner becoming a model for the next. 
This constrained arrangement forms a chain like transfer of behaviour that is reminiscent of the 
children’s game ‘Chinese Whispers’. This approach makes it possible to chart up what happens at 
each step in the diffusion process and to identify the source of each corruption. Linear chain 
studies are the least ecologically valid of the 3 methods, however, that is only true for cases in 
which the natural counterpart of the transmission of interest is a group-level phenomenon (Whiten 
and Mesoudi, 2008). For example, behavioural acquisition may result from one-to-one 
interactions, such as in the parent-offspring relationships of non-group-living species that have 
small litters of 1 or 2 offspring. In the case of non-group-living species, the linear chain design 
mimics inter-generational transmission, reducing longitudinal experiments into a diffusion chain 
experiment that can be completed in less than a month (Horner et al. 2006).  
Linear-chain experiments are not as frequent in the animal literature as those that adopt an 
open diffusion approach (see Whiten and Mesoudi, 2008 for review). A reason for the scarcity of 
research may be due to the fact that such studies require the isolation of certain individuals from 
the remainder of their group, resulting in stress and discomfort than may upset the subjects and 
confound the results (Whiten and Mesoudi, 2008). This is particularly true of studies conducted 
with primates, which can become highly anxious when isolated from their group (Horner et al. 
2006; Dindo et al. 2008; Horner, 2006). 
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Transmission Design: Open group 
Condition Designs Experiments in Literature 
1. One group, presented with novel 
learning opportunities. 
Paquette 1992; Tonooka et al. 1997; Biro et al. 2004 (all 
chimpanzees [Biro et al. wild]: tool-aided foraging technique); 
Huffman and Hirata 2004 (chimpanzees, medicinal leaf 
swallowing); Cambefort 1981 (wild vervets, baboons: food cues). 
2. Action explicitly seeded in one 
group but no baseline. 
Sumita et al. 1985; Hannah and McGrew 1987 (both chimpanzees: 
tool-aided foraging technique); Reader and Laland 2000; Swaney et 
al. 2001 (both guppies, route-finding). 
3. One experimental group with 1 
trained, seeded action, following 
no-model baseline. 
Gajdon et al. 2004 (wild keas: foraging technique). 
4. One experimental condition with 
one trained, seeded action, versus 
no-model control condition. 
Lefebvre 1986 (feral and captive pigeons: foraging technique); 
Langen 1996 (wild magpie jays: foraging technique); Cloutier et al. 
2002 (chickens; cannibalism). 
5. Two experimental conditions, 
with  alternative actions seeded in 
each. 
Freeberg 1998, Freeberg et al. 2001 (cowbirds; song/courtship)  
6. Two experimental conditions, 
with alternative actions seeded in 
each, after baseline, no-model 
control period. 
Fragaszy et al. 2004 (capuchin monkeys: drinking technique). 
7. Two experimental conditions, 
with alternative actions seeded in 
each, plus third, no-model control 
condition. 
Brown and Laland 2002 (guppies: route choice); Whiten et al. 2005 
(chimpanzees: foraging technique); Bonnie et al. 2006 
(chimpanzees: ‘arbitrary convention’ to obtain food); Hopper et al. 
2007 (chimpanzees: foraging technique). 
 
Table 3.1 - Summary of experiments using open diffusion design to study the spread of traditions. 
Adapted from Whiten and Mesoudi (2008) 
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A commonly cited linear chain experiment in the cultural transmission literature is the work of 
Curio et al. (1978a, b), who conditioned Blackbirds to make alarm calls in relation to novel 
stimuli. Curio et al.’s findings showed that such responses would pass along a transmission chain 
of six successive pairs of birds (A-B, B-C, C-D and so on) without decrement, contrasting with 
baseline rates of alarm calls. The authors interpreted these results as support for a ‘cultural 
transmission hypothesis’ for the function of mobbing among kin. 
Laland and Plotkin (1990, 1992, 1993) employed the principle of the linear diffusion chain, 
applying it to the transmission of digging up pieces of hidden food through consecutive expert-
novice pairings of rats. Laland and Plotkin (1990) demonstrated that carrot-digging by rats 
diffused socially along a chain of eight steps. However, the rats did not necessarily learn about 
digging: perhaps they only learned that there was buried food available (Whiten and Mesoudi, 
2008). Laland and Plotkin (1992) replicated the 1990 study but incorporating a 24-hour delay. 
Laland and Plotkin (1993) went on to show that diffusion was facilitated both by gustatory cues 
on the rats’ breath and by excretory cues and that these factors can interact to produce more robust 
transmission. It is hoped that further studies that experimentally dissect learning mechanisms 
within an ongoing diffusion, rather that separately, will derive from experimenters’ creativity in 
future (Whiten and Mesoudi, 2008).  
Freeberg (1998) and Freeberg et al. (2001) both used linear chain models, focusing on the 
acquisition of courtship vocalizations in young cowbirds. The young birds were housed with 
adults singing either of 2 different songs. Once each cohort became adults (models), the process 
was repeated with successive generations. Results of the two studies provided ‘the first 
experimental evidence for the cultural transmission of courtship patterns in animals’ (Freeberg, 
1998; Freeberg et al. 2001). 
Table 3.2 summarizes linear chain experiments in existing cultural diffusion literature.  
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Transmission Design: Linear chain 
Condition Designs Experiments in Literature 
1. One group, presented with novel 
learning opportunities. 
 
2. Action explicitly seeded in one 
group but no baseline. 
 
3. One experimental group with 1 
trained, seeded action, following no-
model baseline. 
Curio et al. 1978a (blackbirds: 
choice of predator to mob). 
4. One experimental condition with 
one trained, seeded action, versus 
no-model control condition. 
Laland and Plotkin 1990, 1992 
(rats: digging up food). 
5. Two experimental conditions, 
with  alternative actions seeded in 
each. 
[Freeberg 1998,  Freeberg et al. 
2001 (cowbirds; 
song/courtship)* see also Col. 1] 
6. Two experimental conditions, 
with alternative actions seeded in 
each, plus third, no-model control 
condition. 
Laland and Plotkin 1993 (rats: 
diet choice); Horner et al. 2006 
(chimpanzees and children: 
foraging technique); Dindo et al. 
2008 (capuchin monkeys: 
foraging technique. 
 
Table 3.2 - Summary of experiments using linear chain design to study the spread of traditions. 
Adapted from Whiten and Mesoudi (2008) 
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The third diffusion design is known as the replacement method. At each step in the diffusion, 
one naïve individual replaces one of a group of experienced individuals. As in the open group 
context, it is not possible to determine from which of the available models the novice learns, or if 
it learns from several. Furthermore, the more experienced individuals may be influenced by how 
the later recruits behave. The replacement method can thus be regarded as something of an 
intermediate design, lying between the open group and linear chain approaches.  
The earliest diffusion experiment can be traced to Menzel et al. (1972) which investigated 
habituation to two anxiety-inducing objects by juvenile chimpanzees. This used a ‘replacement 
method’, starting with a founder group of three chimpanzees who avoided the novel objects. One 
chimpanzee was then replaced by a naïve chimpanzee and the process repeated through seventeen 
consecutive trios. Between the fourth and eighth ‘generation’ in this process, habituation occurred 
in some chimpanzees and gradually became pervasive, such that later trios actively engaged with 
the objects. Menzel et al. (1972) concluded that “a culture-like process was at work”. 
In Galef and Allen’s (1995) experiment with rats, 14 consecutive replacements generated four 
entire group replacements over the course of the study and the differential dietary (flavour) 
preferences of the rats was sustained, although it waned through this period. 
Table 3.3 summarizes replacement method experiments in existing cultural diffusion 
literature.  
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Transmission Design: Replacement  
Condition Designs Experiments in Literature 
1. One group, presented with novel 
learning opportunities. 
 
2. Action explicitly seeded in one 
group but no baseline. 
 
3. One experimental group with 1 
trained, seeded action, following no-
model baseline. 
Menzel et al. 1972 
(chimpanzees: habituation to 
novel object). 
4. One experimental condition with 
one trained, seeded action, versus 
no-model control condition. 
Stanley et al. 2008 (guppies, 
platyfish: foraging route). 
5. Two experimental conditions, 
with  alternative actions seeded in 
each. 
Galef and Allen 1995 (rats: diet 
choice); Laland and Williams 
1997, 1998 (guppies: route 
choice). 
6. Two experimental conditions, 
with alternative actions seeded in 
each, after baseline, no-model 
control period. 
 
7. Two experimental conditions, 
with alternative actions seeded in 
each, plus third, no-model control 
condition. 
 
 
Table 3.3 - Summary of experiments using the replacement method to study the spread of 
traditions. Adapted from Whiten and Mesoudi (2008) 
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In dyadic experiments, Palameta and Lefebvre (1985) showed that watching another bird 
execute the piercing and feeding was significantly more effective than observing piercing 
behaviour alone. Their study consisted of exposing groups of experimentally naive pigeons to the 
sight of a demonstrator pigeon performing different aspects of a food-finding problem. The 
groups were each made up of five pigeons and were defined as 1) true imitation group: in which 
observers were exposed to a demonstrator piercing the red half of a paper top covering a food box 
and eating the food underneath, 2) social facilitation group: in which observers were exposed only 
to a demonstrator piercing the red half of a paper top covering a food box, 3) local enhancement  
group: in which observers were exposed only to a demonstrator eating from a hole cut in the red 
half of a paper top covering a food box, 4) no model group: in which observers were not exposed 
to a demonstrator.  
Each observer was given ten 10-minute trials twice a day in which they could observe the 
demonstrator through a clear partition. At the same time they also had access to a covered food 
box identical to the demonstrator's food box. All the true imitation pigeons, and 4 out of 5 of the 
local enhancement pigeons, pierced the paper and ate within the 10 trials, although the former 
group performed this task more quickly. None of the no model group and only 1 of the social 
facilitation pigeons pierced and ate within the 10 trials.  
From these results, Palameta and Lefebvre concluded that it was very likely that the true 
imitation group of pigeons had used socially transmitted information because acquisition of the 
food-finding technique had taken less time than in the local enhancement group. Although the 
local enhancement group had also succeeded in performing the task, this was considered to be 
caused by local enhancement and trial-and-error effects, thus accounting for the greater number of 
sessions generally taken to complete the task. As the social facilitation group had failed to pierce 
and eat, the authors considered it probable that "observers copied the model only if they could 
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anticipate a rewarding outcome of their action and that [true imitation] . . . pigeons learned at least 
part of the required piercing technique by observational learning [i.e., true imitation]" (p. 895). 
Although much care went into the design of this experiment, it has since been rejected as a 
definitive demonstration of true imitation in animals (e.g., Galef, 1988; Heyes & Dawson, 1990). 
The topography of the behavioral sequence under analysis (i.e., pecking followed by eating) is 
probably under strong phylogenetic influence in pigeons. For instance, the classic study 
demonstrating that pigeons will peck discs without shaping when food is presented at frequent 
intervals (Brown & Jenkins, 1968) and the finding that chicks tend to automatically peck when a 
tapping sound is made, without prior behavioral observation or practice Cronhelm, 1970), both 
suggest that pecking and eating alone are not sufficiently novel behavioral topographies to be 
useful in imitation studies. Thus social facilitation effects may also have accounted for the shorter 
latency to task completion by the true imitation birds in comparison with the local enhancement 
birds.  
Local enhancement effects may be sufficient to explain each observer's tendency to pierce the 
red half of the covering if exposed to demonstrators pecking the red half. Certainly, the actual 
topography of the demonstrator's behavior would have been similar if the demonstrator had 
pecked the uncolored half of the container top. It is by no means conclusive, therefore, that the 
observers were paying attention to the topography of the demonstrator's movements. 
The current literature on diffusion studies is patchy and uneven in its coverage of methods, 
taxa and types of behaviour. Nevertheless, the field has generated sufficient diversity of methods 
and findings to provide a working map of the variety of methodological routes that future 
researchers may consider following or surpassing, as well as the areas where there is still a low 
density of coverage taxonomically and behaviorally. 
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In order to investigate between group cultural transmissions in chimpanzees, I conducted two 
large scale, controlled diffusion experiments with several captive groups. Participating 
chimpanzees were housed at the same Bastrop facility that was described in the Pan-pipes 
experiment (chapter 2). Eight neighbouring groups ranging in size from 8 to 11 individuals (see 
Table 2.1 for description of corrals) were included in these two experiments and each group had 
visual access to neighbouring groups (Figure 3.1). For each of the two experiments described in 
this chapter, Kelley (in B1) and Judy (in B4) were selected as the models. 
Two complex tool-use problems (‘Probe-task’ and ‘Turn-ip’), each designed to be sufficiently 
difficult to make solution through individual exploration unlikely, but solvable by either of two 
quite different techniques (Figure 3.2), were presented separately to each group for a baseline 
period of 2 hours.  
For each task in turn, a single chimpanzee from group B1 was trained to use one of the two 
techniques illustrated in Figure 3.2 to extract food, out of sight of the rest of her group. A single 
individual from group B4 was likewise trained to use the alternative technique. Each trained 
model was then returned to its compound, with the apparatus available to the whole group at 
location 1 (Figure 3.1). Interactions with the apparatus were recorded on video for analysis.  
 
3.2.2 Predictions 
It was predicted that individuals who observe an initial model would be more likely to 
learn a novel behaviour the model performs than naive individuals. Four artificially seeded 
traditions (2 in each of 2 groups) demonstrated by an expert model were expected to spread to 
other members of the group by means of social learning. 
It was also predicted that chimpanzees would pass on the seeded traditions from one group to 
another through observation. Transmission was expected to occur between groups that live in  
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1 2 3 4 5
5 4 3 2 1
B5 B4B6
B1 B2 B3
 
Figure 3.1 - Compound configuration of each external compound, diameter 21 m, accommodates 
8–11 chimpanzees. Successive presentation locations of foraging tasks next to barred windows are 
marked 1–5. Chimpanzees in B2 and B5 were able to watch foraging techniques applied by their 
neighbors at location 2 before attempting the task themselves at location 3; the same was later true 
for chimpanzees in B3 and B6 with respect to locations 4 and 5, respectively. Reproduced from 
Whiten et al. (2007). 
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Figure 3.2 - Schematic representation of the Probe-task (A and B; designed by Whiten) and Turn-
ip foraging device (C; designed by Spiteri). (A) Probing task, stab technique; By pushing to one 
side a small button, chimpanzees can open a doorway in the top surface and insert a tool to stab 
food items. (B) Probing task, slide technique. Once a hatch door is raised, a flat tool can be 
inserted, pushing food items along the floor and out of a tunnel on the opposite side, with the food 
then rolling to chimpanzees down a ramp (not shown) beneath. (C) Turn-ip task. Food items 
dropped into the pipe are trapped until the disc is rotated to align hole 1 with the pipe. This can be 
achieved either by directly turning the front edge of the disc protruding through a slit (method 
‘‘turn’’) or by repeatedly pulling a ratchet handle on the top surface (method ‘‘ratchet’’). Once the 
food drops, it can be released either by pressing down a handle to lift plate aligning holes 2 and 3 
(method ‘‘press’’) or pushing a sliding handle that aligns holes 2 and 4 (method ‘‘slide’’). 
Reproduced from Whiten et al. (2007). 
A B
C 
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separate enclosure but have visual access to one another through large windows. The behaviour 
was expected to spread amongst members of the second group and then transfer again to a third 
observing group. When using the Turn-ip chimpanzees in B1, B2 and B3 were expected to learn 
method “ratchet-then-slide” when using the Turn-ip device and method “stab” when using the 
Probe-task device. B4, B5 and B6 were seeded with “turn-then-press” when using the Turn-ip and 
“slide” when using the Probe-task, therefore these behaviours were expected to spread within the 
group then on to the second and third groups. It was predicted that the method demonstrated by 
the model would transfer with sufficient fidelity across three generations (between-group 
diffusion chain design in the Turn-ip and Probe-task experiments mimics inter-generational 
transmission) without becoming extinct.   
 
3.3 Turn-ip task Experiment 
3.3.1 Methods 
3.3.1.1 Participant colonies 
Eight different colonies at the University of Texas MD Anderson Cancer Centre 
(UTMDACC), in Bastrop, TX, took part in this experiment. There were a total of 79 
chimpanzees– Groups B1, B2, B3, B4, B5 and B6 (which included 53 members) served as ideal 
experimental groups because of their similarity in size, while C1 and C2 (with 26 chimpanzees) 
served as control groups. Table 2.1 and Figure 2.1 show the composition of the groups.  
The participants were held in their home corrals for the duration of the study. I anticipated 
that familiar environment should maintain minimal stress levels during testing.  
Figure 2.1 shows a photograph of the ‘windows’ around the outside of the corrals against 
which the apparatus was positioned. The diagram on the left of Figure 2.1 shows the floor layout 
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and each window is represented by a bold dot. These windows measured 3ft high and 5ft wide. 
The windows were not altered for this study allowing the chimpanzees the ability to reach through 
the bars and manipulate the apparatus. It was also through these windows that a video camera was 
placed to capture the chimpanzees’ behaviour. 
Biro and colleagues (Biro et al. 2003) suggest that a carefully selected (‘reliable’) model 
would lead to the transmission of a novel behaviour in a predictable and rapid manner. In 
accordance with the existing literature, female models were selected due to their particular 
tendency to use twigs and other probing tools. Social rank was another important selection 
criterion because high ranking individuals are less likely to be intimidated and are more likely to 
command the attention of other members of the group. In light of this and based on quantitative 
record of status, two suitable high ranking females (KY in B1 and JU in B4) were selected as 
models. 
The Turn-ip was designed by Antoine Spiteri2 and consisted of a Plexiglas box measuring 
60 cm3 (Figure 3.3). Food items, generally large grapes, could be dropped into a hole at the top of 
the device, falling through a pipe. The descent of each grape was interrupted by a large disc that 
could be turned. In order for the grape to continue falling towards the door, the disc had to be 
turned. Once the hole in the disc lined up with the feeding pipe, the food item would fall to rest 
behind a moveable door. The disc could be turned by repeatedly pulling a ratchet handle located 
on top of the device (method Ratchet). Another method was to directly rotate the part of the disc 
that extended out of the front of the device (method Turn). The grape could then be retrieved 
either by pushing on the yellow handle (method Slide) or by pressing down on the red lever 
(method Press), (see figures 3.2 and 3.3 for illustration). The two-action design allowed for the 
                                                 
2 Erica Thiele, trainer at UTMDACC helped with the construction of the device by providing technical and logistical 
assistance with cutting, drilling and assembling the different components that make up the Turn-ip. 
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use of the same apparatus in both experimental conditions. At the same time, it was possible to 
create separate traditions within each of B1 and B4. 
To prevent any of the naïve chimpanzees from viewing the apparatus during transportation 
to and from the storage room, a white sheet was used to keep it covered at all times when not in 
use.  
 
3.3.1.2 Procedures 
Control groups. Corrals 1 and 2 acted as control groups. Each group was allowed to 
interact with each apparatus for 8 hours. They received no demonstration in order to investigate 
the influence of individual learning.  
Baseline conditions. Chimpanzees in each of the 6 experimental groups acted as their own 
baseline condition and were initially allowed unrestricted access to the apparatus as a group. 
During this time each group was allowed full access to the apparatus for a two-hour session. At no 
point during this time was any instruction given by the experimenter on how to operate the 
apparatus, and the chimpanzees had the chance to operate the apparatus as they wanted. 
Training phase. Each of the models was habituated to voluntarily separate from the rest of 
its group, making it easy to isolate them on the outside enclosure for the duration of each 20 
minute training session. During training, the other members of the group were called to the indoor 
section and prevented from observing or interacting with the model. Shaping3 the performance of 
each model to favor one of two alternative methods (method one- slide; method two- stab) 
                                                 
3 Training protocol for chimpanzees in this experiment followed the same procedure as that used in chapter 2 section 
2.3.5 - “training phase”.  
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Figure 3.3 - Photographic representations of the “Turn-ip” apparatus. Photo 1 shows a frontal 
view of the Turn-ip; labels indicate where each manipulandum is located and its function. Photo 2 
is a top view of the apparatus showing the ratchet and the hole through which the rewards are fed; 
to the bottom right of the main hole one can see a second corresponding round hole in the disc 
which must be aligned with the feeding tube in order for the food to drop to the bottom 
compartment. Photo 3 is a frontal close-up view of the disc, the door, the top (red) lever and the 
bottom (yellow) lever. Photo 4 shows a side-back view of the device; the Turn-ip was mounted on 
the green platform shown in the image and placed against the outside of a corral window during 
testing. Designed by Spiteri. 
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involved the use of positive reinforcement training and observational learning. The alternate 
methods were not blocked during training.   
The training phase continued until the model was able to retrieve the reward in the correct 
manner on 15 consecutive attempts. Resident chimpanzee trainer Erica Thiele helped facilitate 
each of these sessions. 
Observation phase. After fulfilling the criteria for modeling behaviour in the outside 
setting, the model was re-introduced to the rest of the group and the experiment proceeded to the 
next stage of observation. During this phase all members of the group were able to watch both the 
apparatus (stocked with desirable food stuff such as grapes) and the model manipulating the tool 
to retrieve the rewards. All chimpanzees were allowed access to both inside and outside sections 
of the enclosures at this time.  
When drawing out the food, the demonstrator would periodically fail to catch the food, 
thus allowing others to scrounge and providing them with an added incentive to maintain 
proximity to the operator.  
During this stage, the apparatus was presented only to the model. The experimenter 
withdrew the apparatus in cases where an observing chimpanzee gained control of the apparatus. 
Allowing all chimpanzees sufficient opportunity to observe the model successfully retrieving the 
reward from inside the apparatus meant that by the end of the observation phase each individual 
would observe the correct method a minimum of 5 times before having a go at it themselves.  
Each observation session continued for an average of thirty minutes or until the model lost 
interest, whichever occurred first.  
Diffusion phase. During open diffusion, the apparatus was presented to the model and, by 
contrast with the ‘observation phase’, the whole group had a chance to each manipulate the 
apparatus. In cases where the model was absent or disinterested toward the apparatus, the 
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experimenter would designate another operator who fulfilled the criteria to be a model. Any 
chimpanzee that had claimed the reward over thirty times, using the original method for their 
particular condition, was considered to be a fit model. 
The initial test lasted 30 minutes. After this first introductory session, each consecutive 
session lasted for 3 hours for a total of 24 hours per group. Long hours were intended to have a 
satiation effect on the model, and subsequent operators, when using the task and left it accessible 
for other group members to use.  
Between groups transference. Once the behaviour spread through the first group, the 
neighbouring colony was allowed to observe as the apparatus was manipulated by a successful 
model. Because of the physical proximity between the corrals (less than 3 metres between groups 
B1 and B2, B5 and B6 and less than 5 metres between groups B2 and B3, B4 and B5), members 
of the neighbouring colony had a clear and direct view of the apparatus and the operator 
manipulating it. Each of the transference sessions lasted less than 30 minutes or until all observers 
lost interest and left, whichever came first.  
After 6 observation sessions, the apparatus was then presented to the inexperienced group 
and all members were allowed free access to manipulate and explore it at their leisure for 30 
minutes. After 30 minutes, the apparatus was withdrawn and once again presented to the 
experienced group in order to allow opportunity for further observation. This alternation went on 
until one member of the inexperienced group was successful at extracting the reward (regardless 
of method used) on 30 consecutive attempts. 
Once a new model emerged, the transference sessions were ended and the experiment 
proceeded with open diffusion across the new group. This process was repeated between 3 groups 
for each of the two methods. 
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Coding. All sessions were videotaped using a Sony Handycam HC14E digital video 
camera and DV tapes. The camera was positioned to capture images of the apparatus, the operator 
and all other chimpanzees within 2 metres on either side. The experimenter provided a narrative 
of tool use, relevant manipulation behaviours and position of nearby observers (within 5 metres). 
Behavioural responses were later coded using the videotapes.  
Video footage collected during the Turn-ip experiment was analyzed and coded from the 
commentary. The behaviour of individuals within 1 metre of the apparatus and whose attention 
was oriented towards the task was plotted into a chart of actions observed and performed by each 
individual was compiled based on the actions shown in Table 3.4. 
Reliability of coding was high because the behavioural responses of interest were well 
differentiated and easily identified (see Table 3.5). Reliability was confirmed between the codings 
of AS and a second coder blind to experimental condition as follows, based on coding 2 hours of 
video randomly selected from each of Bastrop groups B1 and B4. 
Statistics. The data were not easily transformed to a normal distribution, due to ceiling and 
floor effects in different groups, therefore non-parametric statistics were used for group 
comparisons of different traditions.  
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Turn-ip Task Coding 
List of Recorded Behaviours -  
 
Ratchet 
 
 
Turn 
 
Slide 
 
Press 
 
 
Ratchet-then-slide 
 
Turn-then-press 
 
Ratchet-then-press 
          
Turn-then-slide 
 
 
 
 
Ratcheting a lever at the top of the box which turned the disc 
and allowed the food to drop into the second compartment. 
 
Turning the disc on the front of the box. 
 
Sliding the square yellow lever on the side of the box. 
 
Pressing the round red lever on the side of the box. 
 
 
 
Successfully rewarded ratchet-then-slide operations. 
 
Successfully rewarded turning-the-press operations  
 
Successfully rewarded ratchet then press operations.  
 
Successfully rewarded turn then slide operations. 
 
 Failed attempts were marked with an “X” after the behaviour ID
 
Table 3.4 - Actions coded during the Turn-ip task experiment.
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Table 3.5 - Inter-observer reliability of coding. Reliability was confirmed between the codings of 
AS and a second coder blind to experimental condition as follows, based on coding 2 hours of 
video randomly selected from each of Bastrop groups B1 and B4. 
 
 n %  n % 
Stab 296 100 Slide 197 95.5 
Ratchet 302 100 Turn 273 97.5 
Slide 367 98 Press 406 99.5 
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3.3.2 Results 
Controls were significantly different from the experimental groups (see Tables 3.6 a-c). 
Chimpanzees in the control condition had not seen any demonstration of how to operate the Turn-
ip and were allowed to freely explore the device. However one individual managed to disable the 
defenses of the Turn-ip (CO in C2) on two occasions in under 30 minutes (using the “turn-then-
press” technique). Successful food gaining operations were not repeated enough times to qualify 
the individual as a model and it was not copied by other chimpanzees. The two successful 
operations were attributed to “trial and error” (a method of solving problems by trying out various 
possible techniques until error is sufficiently reduced or eliminated).  
There were a total of 923 corruption events (out of a total of 6,343) accounting for 15% of 
all food gaining acts (Mean = 28.1, Median = 1.5) which took place in groups B1 to B3. In groups 
B3 to B6 there were a total of 181 corruption events (out of a total of 7,359) accounting for 2% of 
all food gaining activity (Mean = 6, Median = 0.35).   
A 2 hour baseline phase conducted with each experimental group allowed each 
chimpanzee time to explore the Turn-ip individually; nonetheless this yielded no food gaining 
operations by any participating chimpanzees (Table 3.6 a-c). A statistical analysis of the 
difference between each individual’s success during baseline versus their success during 
experimental conditions resulted in high significance (McNemar's test: n = 57, p < 0.01). 
A median of 4 individuals (range 1-9) watched 5,360 successes. The whole group would at 
times crowd together so that all individuals were present and observing within 1 metre of the 
actively foraging chimpanzee.  
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Number who manipulate turn-ip task 9 14 
Number who ratchet 6 11 
Number who turn wheel 4 13 
Number who slide yellow lever 8 12 
Number who press red lever 9 11 
Median ratchet then slide yellow lever 0 0 
Median turn then press red lever 0 0 
 
Table 3.6 (a) - Behavioural responses in control sessions on the Turn-ip task. 
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 B1 B2 B3 B4 B5 B6 
Number who manipulate turn-ip task 8 8 9 7 8 8 
Number who ratchet 4 6 4 3 4 4 
Number who turn wheel 2 4 1 2 0 3 
Number who slide yellow lever 6 6 8 5 5 4 
Number who press red lever 8 7 5 6 8 7 
Median ratchet then slide yellow lever 0 0 0 0 0 0 
Median turn then press red lever 0 0 0 0 0 0 
 
Table 3.6 (b) - Behavioural responses in baseline sessions on the Turn-ip task. 
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 B1 B2 B3 B4 B5 B6 
Chimpanzees in group 8 8 11 10 8 10 
       
Number who manipulate turn-ip task 8 8 11 10 8 9 
Number who ratchet 7 7 10 2 4 1 
Number who turn wheel 1 2 1 9 7 8 
Number who slide yellow lever 6 7 11 8 5 4 
Number who press red lever 7 6 6 9 8 8 
Median ratchet then slide yellow lever 97 116 108 0 0 0 
Median turn then press red lever 0 0 0 140 125 143 
 
Table 3.6 (c) - Behavioural responses in experimental sessions on the Turn-ip task. 
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 A second individual became successful at extracting the reward after 87 minutes in group 
B1 (“ratchet-then-slide” technique) and 36 minutes in group B4 (“turn-then-press” technique). 
Over an exposure period of 24 hours, spread over 8 days, only 2 individuals failed to successfully 
extract food from the Turn-ip. Four other individuals gained the reward by completing only the 
second of the two required actions after a group-mate had performed the first (Figure 3.4). The 
index ‘% ratchet’ (100 x (ratchet-then-slide) / (ratchet-then-slide) + (turn-then-press)) was 
computed to test for social transmission. This was significantly greater in group B1, seeded with 
the ratchet-then-slide technique (median 100%) than in B4, seeded with turn-then-press (median 
0%; Mann-Whitney U-test, U = 0, P < 0.001 : Figure 3.4 and Table 3.7 for sample sizes). 
In the Turn-ip study, corrupted methods by several chimpanzees emerged throughout the 
trials (see figures 3.4), however, in the end each technique demonstrated by the model in the first 
group continued to stand out as the preferred method all the way through to the corresponding 
final group (they conformed). In the case of the Turn-ip task, there were 12 individuals that 
performed corrupt actions in the ‘ratchet-then-slide’ technique and 10 individuals in the ‘turn-
then-press’ technique. In this case, individuals in the ‘ratchet-then-slide’ technique would at times 
‘turn’ the disc or ‘press’ the red lever and similarly individuals in the ‘turn-then-press’ technique 
would ‘ratchet’ or ‘slide’. Nonetheless, not one individual ever successfully attained the reward 
often enough to qualify as a model by using a complete combination of the corrupt method. 
When groups were allowed to watch how their neighbours went about disabling the Turn-
ip, a median of 3 individuals at any one time (range 1-11) would watch how those in the next 
enclosure went about disabling the Turn-ip’s defenses. Each of the observing groups faithfully 
copied the same technique they had seen their neighbours use (Figure 3.4). The measure of 
differential use of techniques, %ratchet, was significantly greater in B2 than in B5 and in B3 than 
in B6 (P always < 0.02: Table 3.7).  
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3.3.3 Discussion 
It was predicted that observers would acquire novel behaviours when observing others 
acting them out and unlikely to do so in conditions where a model was absent.  
In contrast to controls, the majority of chimpanzees that had an opportunity to observe a 
model became successful at disabling the defenses of the Turn-ip device. Furthermore, the 
technique acquired matched that of the model. There was minimal corruption of the alternative 
technique and whenever deviation occurred it became extinct as time passed. In the case of 
between-groups transference most individuals in each group also became proficient at solving the 
task and they did so by favoring the technique that was originally demonstrated by the models in 
groups B1 and B4.  
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Figure 3.4 - Spread of ratchet-then-slide and turn-then-press traditions across two series of three 
groups. Arrows indicate direction of between-groups information transfer. Turn-ip task, initiated 
by trained models KE in group B1 (ratchet-then-slide technique) and XE in group B4 (turn-then-
press technique). Between-group observation opportunities were as for the probing task. Each bar 
shows the number of successful ratchet (light green), slide (mid-green), ratchet-then-slide (dark 
green), turn (light blue), press (mid-blue) and turn-then-press (dark blue) actions by each 
chimpanzee. Each category is capped at the first 100 successes. Slide could exceed ratchet, and 
press exceed spin, where one individual exploited the prior performance by another individual of 
the first of the two actions necessary to attain food. 
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 Probe-task/Turn-ip 
Group n r P 
B1 6 0.64 0.09 
B2 7 0.74 0.04 
B3 9 0.84 0.001 
B4 8 0.40 0.29 
B5 7 0.64 0.09 
B6 8 0.95 0.0001 
 
Table 3.7 - Spearman rank order correlations between tasks. 
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3.4 Probe-task Experiment 
At the time that the Probe-task was introduced, the Turn-ip task was already transmitting 
from one group of chimpanzees to another (B4 to B5). Following the success of the Turn-ip at 
showing group to group transmission, it became important to replicate the study using quite a 
different task. Conducting a second experiment serves to create multiple traditions and increases 
the reliability of the findings. The Probe-task device was designed by Andrew Whiten and it was 
inspired by the natural behaviour of termite fishing typical in (wild chimpanzees at multiple sites). 
 
3.4.1 Methods 
3.4.1.1 Participant colonies 
Seventy nine chimpanzees took part in this experiment. They were the same participants 
and models that took part in the ‘Turn-ip task’ experiment and the same procedures were followed 
for this study; the same control groups (C1 and C2) as those in the Turn-ip experiment served as 
control groups for the current experiment and two hour baseline sessions were conducted with 
each experimental group. KY in B1 and JU in B4 were trained as models. An observation phase 
followed by within-group diffusion and between group transference for each experimental group.  
 
3.4.1.2 The Probe-task device 
For the purposes of this study, a different foraging task was used. This fruit was called the 
“Probe-task”.  The probe task (illustrated in Figures 3.2 (a) and (b)) was made of transparent 
polycarbonate (see Figure 3.5), in the shape of a cube (measuring 16 cm3). The structure was 
mounted on a platform and positioned against an outside window of the enclosure. Chimpanzees 
could reach out through the barred window and manipulate it. Several jumbo-raisins were made 
available at all times and the experimenter continually replenished the cache by means of a tube 
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that was attached to a hole at the rear of the box. Holes in the side of the box and at the top were 
closed, so that chimpanzees could not access the food without using the tool. 
During each session chimpanzees had access to two tools: a 30 cm-long flat tool shaped 
like ruler and a 30 cm-long rod with a spiked end. To prevent chimpanzees from running off with 
the tools they were attached to a length of cable and securely fastened to the base.  
In the case of the Probe-task experiment, the diffusion phase lasted a shorter time than that 
of the Turn-ip task. While most individuals learned to solve the Turn-ip task in just 24 hours, it 
took them just 8 hours to acquire the technique required to solve the Probe-task (over 3 sessions of 
2 and a half hours per session). This difference in the speed of acquisition was attributed to the 
difference in complexity between the two different pieces of apparatus. 
One model was trained to gain food items using the Stab technique, in which a knob that 
extended out of a slit in the top surface of the box was slid. The sliding action rotated a door open 
and provided access, through which the rod tool was inserted to stab food items and withdraw 
them out. The other model was trained to access the food using the alternative Slide technique. 
Another knob located in the front of the box could be slid up to raise open a hatch that covered a 
hole near the base of the box. The flat tool could then be inserted to push food items out of a 
tunnel on the opposite side of the box. The raisins then rolled down a ramp toward the 
chimpanzees.  
All other procedures for the Probe-task experiment were exactly the same as those 
followed in the Turn-ip study. 
Spiteri A. 
 
 
 111
 
Figure 3.5 - Photographic representations of the Probe-task. The left photo shows a side and back 
view of the probing device; the tools (rod and flat tool) are attached to the base using metal cable. 
The photo on the right shows the front of the probing device and both tools inserted in their 
corresponding hole. 
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3.4.1.3 Behavioural coding 
Video footage collected during the Probe-task experiment was analyzed and coded from 
the commentary. The behaviour of individuals within 1 metre of the apparatus and whose 
attention was oriented towards the task was plotted into a chart of actions observed and performed 
by each individual was compiled (see Table 3.8). 
 
3.4.2 Results 
Control groups. Chimpanzees in the control condition had not seen any demonstration of 
how to operate the Probe-task.  Each of them explored the device for between 8 minutes and 4 
hours, with a mean duration of 33 minutes.  They visually examined its mechanics from each 
direction, touched each of its components and panels, they smelled it and they heard the sound it 
makes when hit with the tools, nonetheless only one participant managed to disable its defenses.  
As in the Turn-ip experiment, controls were significantly different from the experimental 
groups (see tables 3.9 a-c) 
Control participants had abundant opportunity to interact with the Probe-task, however, as 
in the Turn-ip task, only one of them (CO in C2) performed enough successive actions that led to 
the dispensation of a reward using a “slide” technique. Successful food gaining operations were 
not repeated again by this or other chimpanzees and therefore the one-off success was attributed to 
“trial and error”.  As in the Turn-ip task, controls were dramatically different from the 
experimental participants (see Table 3.9 (a) and 3.9 (c)).  
In the case of the Probe-task there were a total of 30 corruption events (out of a total of 
1,998) accounting for 3% of all food gaining acts (Mean = 5.7, Median = 0) which took place in 
groups B1 to B3. In groups B3 to B6 there were a total of 222 corruption events (out of a total of 
2,514) accounting for 9% of all food gaining operations (Mean = 6.6, Median = 0).   
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Probe-task Coding 
List of Recorded Behaviours -  
 
Turn 
 
Push 
 
Lift 
 
 
Stab  
 
Slide 
 
 
 
Turning the wheel at the top of the box to open the door  
 
Pushing a lever to open the door at the top of the box 
 
Lifting the flap opening the slit on the front of the box 
 
 
Successfully rewarded leading to food reward 
 
Successfully rewarded turn then stab  
 
 Failed attempts were marked with an “X” after the behaviour ID
 
Table 3.8 - Actions coded during the Probe-task experiment. 
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 Baseline conditions. A baseline phase conducted with each group also gave experimental 
chimpanzees the opportunity to explore the Probe-task for 2 hours. Not one participant 
successfully extracted the food they had seen dropped inside (Table 3.9 (b)). A statistical analysis 
of the difference between each individual’s success during baseline versus their success during 
experimental conditions resulted in high significance (McNemar's test: n = 54, p < 0.01). 
Experimental conditions. At any one time, a median of six individuals sitting within one 
metre (range 1-9 individuals) of the operating chimpanzee watched a total of 643 rewarded 
operations of the Probe-task.  Sometimes the whole group would crowd together in a tight huddle 
of observers forming a cluster within a radius of one metre.  
The Turn-ip task was more challenging than the Probe-task for the chimpanzees. This was 
evident in that a second chimpanzee (in B1) became successful at gaining the reward from the 
Probe-task, using the “stab” technique, after only 28 minutes (in contrast to 87 minutes in the case 
of the Turn-ip task). In group B4 a second chimpanzee was successful at disabling the Probe-task 
using the “slide” technique after only 15 minutes. After being exposed to the Probe-task for a total 
of 8 hours spread over 3 days, all but three individuals became proficient at extracting food from 
the Probe task. The index ‘%stab’ (100 x stab/(stab+slide)) was calculated to test for preferential 
adoption of the technique used by the initial model. The %stab index was significantly greater in 
group B1 (median 100%), initially seeded with the stab technique, than in B4, seeded with the 
slide technique (Median 0.0%; Mann-Whitney U-test, U = 2, P = 0.016 : Figure 3.7 and Table 3.9 
lists sample sizes). 
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 C1 C2 
Chimpanzees in group 9 14 
   
Number who manipulate probe task 9 14 
Number who raise door hatch 9 14 
Median number of door hatch lifts  25 48 
Median insert slide tool  0 0 
Median insert stab tool 0 0 
 
Table 3.9 (a) Behavioural responses in control sessions on the Probe-task. 
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 B1 B2 B3 B4 B5 B6 
Chimpanzees in group 8 8 11 10 8 10 
       
Number who manipulate probe task 7 4 6 6 7 6 
Number who raise door hatch 6 3 4 5 3 4 
Median number of door hatch lifts  5 9 2.5 7 8 2.5 
Median insert slide tool  0 0 0 0 0 0 
Median insert stab tool 0 0 0 0 0 0 
 
Table 3.9 (b) Behavioural responses in baseline sessions on the Probe-task. 
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 B1 B2 B3 B4 B5 B6 
Chimpanzees in group 8 8 11 10 8 10 
       
Number who manipulate probe task 8 8 10 9 8 8 
Number who raise door hatch 8 7 2 8 8 6 
Median number of door hatch lifts  5 6 0 98 111 156 
Median number of top rib slide 76 101 79 0 0 0 
Median insert slide tool  0 0 0 60 66 103 
Median insert stab tool 55 75 67 0 0 0 
 
Table 3.9 (c) - Behavioural responses in experimental sessions on the Probe-task. 
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In the Probe-task, corrupted methods by several chimpanzees emerged throughout the 
trials (see Figure 3.6), however, in the end each technique demonstrated by the model in the first 
group continued to stand out as the preferred method all the way through to the corresponding 
final group. In the Probe-task, 4 individuals in the ‘stab’ technique and 4 individuals in the ‘slide’ 
technique discovered the alternate method. Only one of these continued to do it the ‘wrong’ way 
(XE using ‘stab’), the others all conformed to using the technique most commonly preferred by 
others in their group.   
When groups were allowed to watch how their neighbours went about disabling the Probe-
task, a median of 4 individuals at any one time (range 1-11) would watch how those in the next 
enclosure went about disabling the Probe-task’s defenses (see Table 3.9 for details). Each of the 
observing groups faithfully copied the same technique they had seen their neighbours use (Figure 
3.6). The measure of differential use of techniques, %stab, was significantly greater in B2 than in 
B5 and in B3 than in B6 (P always < 0.02: Table 3.7). 
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Figure 3.6 - Spread of stab and slide traditions across two series of three groups. Arrows indicate 
direction of between-groups information transfer. (a) Probing task, initiated by trained models KE 
in group B1 (stab method) and JU in group B4 (slide technique). Chimpanzees in group B2 were 
able to observe techniques employed by group B1 and in turn were observed by group B3. Groups 
B4, B5 and B6 had parallel observational opportunities. Individual chimpanzees are labeled with 
two-character codes and arranged by order of successful task solution. Each bar shows the number 
of stab (dark) and slide (light) actions by each chimpanzee, capped at their first 100 successes. 
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3.4.3 Discussion 
Controls and experimental groups had equal opportunity (8 hours) to explore the Probe-
task. Nonetheless, chimpanzees that had seen no demonstration of how to operate the device were 
unsuccessful at gaining the reward. The majority of chimpanzees that had observed a conspecific 
disable the defenses of the Probe-task and receive a reward performed much better; they typically 
learned to gain the reward using the same technique that they had seen. As each individual 
acquired the technique, little corruption was evident, in individuals that had discovered the 
alternate technique later abandoned it and “corrected” to match the technique that was most 
commonly used by others in their group. Only 1 young chimpanzee (XE in B4) persisted in using 
the technique that she had discovered independently. Perhaps because of her age she was never 
allowed to operate the device while others were present and would always wait for everyone to 
leave the area before she would start operating. 
Groups that had the opportunity to observe the activities of their neighbors also learned to 
extract the reward in the same way that they had seen. Again, any corruption that surfaced died 
out in favor of the technique that was commonly used by the majority. 
 
3.5 General Discussion 
Two separate multiple traditions cultures were artificially created as Bastrop-West (B1-
B3) culture (Probe-by-stab, Turn-ip ratchet-then-slide traditions) and Bastrop-East (B4-B6) 
culture (Probe-by-slide, Turn-ip turn-then-press traditions). Seeded techniques were acquired and 
diffused in each of the 6 groups investigated, in both Probe-task and Turn-ip experiments.  
This is robust evidence that non-human animals have the capacity for widespread 
intergroup transmission of socially learned behaviour patterns necessary for significant spreading 
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of traditions. These experiments show two completely different techniques being quite faithfully 
transmitted on two very different tasks, strong evidence that cross-cultural exchange of 
information is not only a human-specific capacity.  
Whiten, Horner and de Waal (2005) provided solid evidence of social conformity, 
demonstrating that although some innovative individuals often discover alternative methods to 
solving tasks, they increasingly use the more prevalent method employed by the majority of others 
in their group (Whiten et al. 2005). Whiten et al. (2005) also found a general tendency for 
chimpanzees to conform (figures 3.4 and 3.6). Unpublished data by Fragaszy et al. (2004, p. 255), 
which seeded 2 alternative techniques (not related to tool use) in capuchin monkeys also found a 
significant social learning effect. 
In a more recent study Flynn and Whiten (2008) used the Probe-task apparatus to test the 
performance of 127 human children (51% were 3 years old and 49% were 5 years old), using a 
‘diffusion chain’ approach. Their findings revealed that children in the diffusion chains typically 
conformed to the technique demonstrated by the model and 5 year olds showed higher fidelity 
than their younger counterparts. Furthermore, boys copied more faithfully and displayed higher 
proficiency than girls. In relation to the chimpanzees in my Probe-task experiment, human 
children were able to replicate behaviour with higher fidelity and showed no cross-over effect 
(that is, no one in the child study discovered the alternate method). However because the two 
experiments (Probe-task study with chimpanzees and that of Flynn and Whiten (2008) with 
children) did not follow the same diffusion methodology, it is not possible to make a direct 
comparison of the results. 
Conformity shapes culture (Whiten et al. 2005) and allows for behaviour to persist across 
generations. Conformity acts by reducing the social distance between individuals of the same 
group and by amplifying differences between the traditions of different groups (Henrich and 
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McElreath, 2003; Richerson and Boyd, 2005). In the Probe-task and the Turn-ip studies, corrupted 
methods by several chimpanzees emerged throughout the trials (for example in the middle of B2 
and B5; see figures 3.4 and 3.6). Nonetheless, in the end each technique demonstrated by the 
model in the first group continued to stand out as the preferred method all the way through to the 
corresponding final group. Conformity may be responsible for each technique to transmit, 
unaltered, to so many individuals and across 3 successive cultural generations (between-group 
diffusion chain design in the Turn-ip and Probe-task experiments mimics inter-generational 
transmission). This is the first time in primate social learning literature (see chapter 1 and Horner 
et al. 2006, for reviews) that diffusion of experimentally-seeded alternative foraging techniques 
has been shown to pass across such a large number of individuals (anywhere between 4 to 20 
individuals).  
Along with Whiten et al. (2005), the result of the Turn-ip and Probe-task experiments add 
to the growing body of evidence challenging the commonly held belief that social learning occurs 
only in the young (Bruner, 1972). A number of studies had previously shown that wild 
chimpanzees possess an early sensitive period for learning to nut crack (Laland and Hoppitt, 2003) 
and that young males have a delay in learning to termite fish (Lonsdorf et al. 2004). My results 
show that social learning is evident throughout the lifespan of the chimpanzee and although the 
social learning process may differ for males and females (see section 4.2.3), the general ability is 
present in both sexes.  
Despite the ecological validity of observational studies, field research in the wild does not 
have the ability to make causal inferences in the same way that experimental research does. Non-
experimental research of cultural variations among wild apes (such as the findings of Whiten et al. 
2009) is often criticized for its inherent circumstantial weakness (Tomasello, 1999: Laland and 
Janik, 2006) but my findings help settle that debate. Galef (1992) emphasized the limitations of 
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‘unobtrusive observation’ in establishing that putative traditional differences between different 
groups of conspecifics are acquired through imitation, or for that matter through any form of 
social learning. Many in the field shared Galef’s dubiousness, further advising that without 
experimentation it is fallacious to refute the hypothesis that behavioural variation is in fact due to 
unrecognized ecological differences that guide asocial learning in different directions (Tomasello 
1994). My results show, in an experimental way, that chimpanzees have a verifiable capacity to 
learn from others in their group and pass information across multiple groups. This is consistent 
with observations that regional behaviour patterns in Africa have spread through cultural 
transmission (McGrew, 2004 and Whiten et al. 1999). Because group-to-group interactions 
amongst wild chimpanzees are often of a hostile nature, transmission in the wild would occur 
under very different circumstances to those shown by these experiments.  One example that would 
allow sufficient opportunities for cross-cultural learning to occur in the wild is the naturally 
occurring migration of females between groups (Mc Grew, 2004; Biro et al. 2003; Goodall, 1986). 
My findings demonstrate that chimpanzees have a capacity to transmit traditions from one group 
to another.  
Researchers in the wild should investigate inter-group transfer of traditions through 
collaboration amongst study sites to 1) develop a database of behavior patterns among several 
neighbouring communities of chimpanzees, for example variation of probing, tool making and 
meat eating techniques, 2) track female migration and 3) note any transferred behaviours over 
time.  The next experimental step is to examine inter-group transmission by transferring skilled 
individuals into naive groups. 
The recent realisation that social learning is inherent to a large number of species allows us 
to move on to answer more detailed questions regarding mechanisms that are responsible for 
socially acquired behaviour. On an individual level most chimpanzees prefer to conform and be 
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like others in their group and when chimpanzee groups cross paths the nature of the interaction is 
reported to be generally hostile in nature. Chapter 3 showed that despite their xenophobia 
chimpanzee groups maintain active interest in how other groups conduct their day to day 
activities. They not only take interest in what other groups are doing but, given certain conditions, 
they can even learn to solve tasks from observing them.  
Langen (1996) was the first study to test for social learning of a foraging technique in 
animals. Langen (1996) used an open diffusion design (with 2 experimental conditions and 1 
control group) and tested white-throated magpie jays that were trapped from the wild. The birds 
were then trained to open 1 of 3 doors in order to gain food from a foraging box. Once trained, the 
jays were released and the box was made available to them in their home range. Only 2 of the 14 
models that were trained ever performed in the presence of naïve birds. The demonstrated 
technique spread preferentially among the experimental conditions but not amongst birds that had 
not observed an expert.  
In a similar open diffusion experiment with chimpanzees, Whiten et al. (2005) seeded 2 
different tool-using techniques in 2 separate groups and found that the 2 techniques spread 
preferentially in their corresponding group. With limited success, Hopper et al. (2007) replicated 
the findings of Whiten et al. (2005), showing differential learning of the two techniques. However 
the results of Hopper et al. (2005), differed from those of Whiten et al. (2005), in that only 1 
technique came to dominate in both groups. In contrast, the findings of the Probe-task and Turn-ip 
experiments did not suffer from the bias demonstrated by Hopper et al. (2007), complimenting 
those of Whiten et al. (2005). 
Bonnie et al. (2006) also used an open diffusion technique to test whether chimpanzees 
have a capacity to recognise ‘arbitrary convention’ of object use. The results showed that each 
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arbitrary convention spread across the corresponding group and generated locally differentiated 
traditions. 
My results compliment examples given by Whiten et al. (2002a) suggesting that there can 
be variation and selection in chimpanzee behaviour, i.e. individuals differ in the precise way they 
carry out the skill, and some variants are more frequently or reliably passed on again. Whiten et 
al. (2002a) have studied a wide variety of chimpanzee behaviours and have found limited 
evidence that competition between variants does occur within the same group. My results show 
that competition between variants also occurs between neighbouring captive groups. For example, 
individuals in my 6 neighbouring (experimental) groups used variations of four different methods 
for extracting food rewards from the Probe-task and the Turn-ip. The literature shows that 
although chimpanzees show a basic cultural "ratchet effect" and have "histories", they fall short of 
having the capacity for cumulative cultural traditions. That nonhuman species show behavioural 
variation and selection suggests that this ability alone does not form the basis of cumulative 
culture. 
 
3.5.1 Conclusion 
This chapter explored an important issue in regards to wild chimpanzees: it helped settle a 
previously untested assumption that behaviours spread across large regions, and not elsewhere, 
are the direct result of regional cultures that are passed from group to group. Within a group 
everybody knows one another, is comfortable being around each other, and everybody takes 
active interest in what their friends do, and this makes within-group diffusion of behaviour very 
likely. Neighbouring chimpanzee communities, however, are hostile to each other and whether 
one community would take any interest in how another group was conducting its business was 
previously unknown. The Turn-ip and Probe-task experiments demonstrated that although highly 
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xenophobic, chimpanzees take active interest in how their neighbours manage their lives and have 
a tendency to copy them, in the same way that chimpanzees want to be like their group mates 
(Whiten et al. 2005). 
 
 
 
 
 
 
 
 
CHAPTER 4 
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CHAPTER 4 - DIRECTED SOCIAL LEARNING IN CHIMPANZEES. 
 
4.1 Abstract 
This chapter explores the social dynamics of chimpanzee groups in terms of directed 
social learning, i.e. when an individual chooses to copy the actions of another based on the 
identity and character of that model. The role of an individual’s status within the group was 
analyzed to see which specific traits may increase the possibility of learning new behaviour 
and I examined the role of mother and others in the transfer of information within 
populations. Chimpanzees appear able to select from a portfolio of possible stratagems that 
facilitate the transfer process. Some of the tactics include learning to do acts by observing 
experts, by conforming to behaviours expressed by the majority and by watching high status 
individuals or kin.  
Participants for the present study were housed at the University of Texas MD 
Anderson Cancer Centre (UTMDACC), in Bastrop, TX, where over 140 chimpanzees are 
accommodated in large neighbouring colonies. Two experimental two-step, two-action tasks 
were used to test whether 1) chimpanzees would watch the actions of biological kin more 
often than the actions of others, 2) they would learn differentially from different individuals 
depending on social status, 3) chimpanzees would spontaneously adopt a “copy what you see 
most” strategy, and 4) whether they would conform to adopt the same technique that was 
favored by the majority.  
Results indicated that chimpanzees consistently spent more time observing behaviours 
performed by their mothers when learning a novel task. Diffusion patterns and opportunities 
for social learning within groups of chimpanzees were influenced by the social dynamics of 
the group and they adopted a “copy what you see” strategy. 
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4.2 Introduction 
In previous chapters we came to understand that chimpanzees take an active role in 
observing the actions of others. They are not simply passive onlookers and they may be 
making use of collective social knowledge to improve their possibility of success. Results 
demonstrated that new and distinct behaviour patterns came to be shared by more than two 
individuals in a group, in part through socially aided learning. The behaviours learned 
persisted over time and were manifested across cultural generations. My findings indicate that 
chimpanzees have such an ability for cultural complexity, which suggests that such ability 
was likely shared by a common ancestor of both chimpanzees and humans around 5 to 6 
million years ago. From these studies I am now satisfied that chimpanzees have the capacity 
to learn from others and that they are indeed capable of sustaining culture. The next step is to 
better understand the social dynamics that determine who learns, when, and who learns from 
whom.  
Chimpanzee groups are made up of highly structured social configurations and each 
individual develops complex relationships with each of the other members of the community 
(de Waal, 1982). By observing and comparing the interactions within and between 
chimpanzees that live in separate and neighbouring communities we can tease out the group 
dynamics that are at play in their daily lives. The first step towards developing an 
understanding of chimpanzee group processes is to parse out what behaviours are likely to be 
due to social, environmental and genetic factors.  
Laland (2004) reviewed a number of stratagems that humans and animals employ to 
maximize the value of social learning. I will first review the ways by which animals may 
transfer information and then look at the possible strategies that occur during the learning 
process. But first we need to consider that commentators (Boyd and Richerson, 1985, 1995; 
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Giraldeau, Valone and Tempelton, 2002; Laland, 2004; Rogers, 1988) have made the 
argument that copying others is not always an appropriate formula for success. The reason is 
that “as the frequency of social learning increases, the value of copying declines, because the 
proportion of asocial learners producing reliable information decreases” (Laland, 2004). This 
will make for a lot of individuals copying the copiers and not enough individuals testing the 
environment through asocial learning. For the copying strategy to be successful there need to 
be individuals that produce valuable information through asocial learning and others who 
copy them. Nonetheless, when necessary, copiers must also be ready to test their environment 
by engaging their individual learning abilities. This selective formula is likely to be more 
adaptively successful than the less viable indiscriminant copying strategy.  
In the selective copying strategy, individuals that are capable of making use of the 
formula would be selected for and have an advantage over individuals who copy blindly. 
While “when” strategies consider the conditions under which individuals copy others, “who” 
strategies aim to identify which individuals make for the most suitable models (Laland, 
2004). Next, I will consider “how” behaviours are passed on. 
 
4.2.1 Horizontal, vertical and oblique transfer 
Dissemination of behaviour patterns can be channeled horizontally (i.e. between 
individuals of the same generation), vertically (i.e. between individuals of different 
generations but within a genealogy), or through oblique transfer (i.e. between genealogical 
lines) (Cavalli-Sforza and Feldman 1973). In the family context, for example, the transfer of 
information will be mainly vertical and in the prestige model (described in detail below) it 
will be mainly horizontal or oblique. Behavioural dissemination may be either direct or 
indirect. Direct transfer involves visual contact between the model and the copier; in this case 
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transmission takes place within a single group and between generations living at the same 
time. In the latter case, different groups may represent different generations and once the first 
group learns and masters the task, the next group may represent a second generation of 
learners. Indirect transmission can be achieved between individuals who do not have visual 
contact with each other, for example when members of one group become trans-located to 
another community and members of that group acquire behaviour patterns originally shown 
by individuals who remain in the first group. 
 
4.2.2 Acquisition strategies 
Laland (2004) describes various ways through which new behaviours may be 
acquired; here, I consider several of these possible acquisition strategies. 
Directed Social Learning (DSL) occurs when an individual chooses to learn behaviour 
from a conspecific based on their identity and character.  In order to determine “who learns 
from whom”, this chapter will aim to trace 1) who individuals elect to learn from based on 
their genetic closeness and/or status (imposed or conferred), and 2) which behaviours are 
learned first. 
Two of the more commonly observed strategies of socio-behavioural acquisition 
described in the literature include copying the action of kin and copying peers. A popular 
example is that of Japanese macaques on the island of Koshima (Kawamura 1959, Kawai 
1965). To facilitate observation, researchers attracted the monkeys out of the forest with 
provisions of sweet potatoes and wheat. With these daily handouts macaques began to invent 
new behaviours.  The primary innovator within the Koshima site troop was an eighteen month 
old infant female by the name of “Imo”. Imo was the first to be noticed washing the sweet 
potatoes. She passed the behaviour to her mother (kin transfer) and it slowly began to spread 
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(peer transfer). A decade later, potato washing had become a fixed behaviour in the troop. 
Most newborns picked up the skill quickly. By 1962, about three quarters of Koshima 
monkeys over the age of two years old were washing their food.  
Imo's second observed innovation was to develop a method for sorting wheat from 
sand. Imo discovered that rather than eat the wheat handouts grain by grain, a mixture of 
wheat and sand could be dropped in water allowing the wheat to float and the sand to sink. 
Within several years many of the younger monkeys practiced this behaviour as well.  
However, when Galef (1992) reanalyzed the original data he suggested that individual 
Japanese macaques most likely learned to wash potatoes on their own and not by imitating 
their kin or peers. Galef noted that the spread of the behaviour was relatively slow, with an 
average time of over two years for acquisition of the behaviour by the members of the group 
that learned it. This is inconsistent with the process of imitation, which is characteristically 
assumed to occur more quickly. The imitation hypothesis argues that, although various social 
constraints may account for the slow dissemination of behaviour, more demonstrators become 
available for observation across time (Lefebvre 1995 and Boesh and Tomasello 1998). In the 
case of potato washing the number of users did not increase the rate of spread as would be 
expected. Galef noted that in time many of the young went on to follow their mothers into the 
water, thus finding potatoes. This experience provides youngsters the opportunity to discover 
the behaviour through individual learning. In addition, Visalberghi and Fragaszy (1990) noted 
that macaques have the capacity to learn potato washing behaviour on their own very easily 
when water bowls and sand covered food were available to them. These findings can be 
interpreted to mean that the spread of potato washing was not the result of copying, with each 
individual rediscovering the technique. The behaviour of those who were proficient at potato 
washing would then create favorable learning conditions for others to do the same. The 
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process that underlies this kind of transmission is very different from that of directed social 
learning. 
The current study explored “kin copying” and “status based” learning strategies. 
Chimpanzees may employ these when learning new behaviours. In the present study this was 
examined by determining “who watches whom” and “who learns from whom”.  
The relationship between mother and infant has also been reported in problem-solving 
situations involving tool use and has been referred to as “education by master-apprenticeship” 
(Matsuzawa et al. 2001). Anecdotal reports describe instances in which young chimpanzees 
learn to use tools to fish for termites by observing adults (Goodall, 1973, Lonsdorf, 2005).  
Despite observational reports of the role of chimpanzee parents versus non-parents as tutors, 
the importance of this relationship has not been specifically addressed in an empirical way. 
The master-apprentice model might be a general process for young chimpanzees to acquire 
new knowledge and skills. Using a master-apprentice model, Lonsdorf (2005) found evidence 
that when acquiring the skills necessary for termite fishing, young female chimpanzees often 
outperform their male counterparts and became successful at termite-fishing an average of 27 
months earlier than young males. Females were also more proficient at the task after 
acquisition had occurred. Furthermore, the techniques of female offspring closely resembled 
those of their mothers whereas the techniques of male offspring did not, suggesting that the 
process by which termite fishing is learned differs for male and female chimpanzees.  
In non-human mother-infant primate relationships it is generally infants that rely on 
social interactions to acquire food-related information (Addessi et al, 2005; Birch et al 1980; 
Rapaport and Brown, 2008), with the mother taking on a more passive role.  In a review of 
social influences on foraging behavior in young nonhuman primates Rapaport and Brown 
(2008) describe that equipped with an ape brain, a cooperative infant-care system, and 
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complex foraging methods, a common ancestor shared by humans and chimpanzees would 
have been “uniquely poised to take social learning about food and foraging techniques to a 
new level” (p. 189). 
Another strategy described by Boyd and Richerson (1985) is conformity, which refers 
to the adoption of behaviours that are expressed by the majority of members in the group. 
Laland (2004) describes this approach as the “copy-the-majority” strategy. Although not 
many studies have explored this topic, some evidence suggests that birds (Catchpole and 
Slater, 1995; Payne, 1996 and Lefebvre and Giraldeau, 1994), rats (Beck and Galef, 1989; 
Chou and Richerson, 1992) and chimpanzees (Whiten at al., 2005) as well as humans (see 
Boyd and Richerson, 1985, for review) may employ a conformist approach. Shoaling studies 
(Krause and Godin, 1994; Lachlan et al. 1998; Lindstrom and Ranta, 1993) have also 
provided some evidence of conformity in fish, when they were given the choice between two 
shoals that differed in size. Conformity may also take place in mate choice selection. When 
selecting a sexual partner, female quail have a preference for the same sexual mate that was 
chosen by others of the same sex. In studies with guppy fish (Dugatkin, 1992) females also 
refer to the proximity of other females to the courting male as an indication of male quality 
and favor that closer male correspondingly. 
Many fish shoal, and researchers believe that this offers significant advantages to 
these fish (e.g., Neil and Cullen, 1974; Pitcher, 1979; Magurran, 1990; Laland and Williams, 
1997). Nonetheless, despite evidence presented in support of the conformist strategy in 
shoaling behaviours, other research (Brooks, 1996; La-Fleur, Lozano, and Sclafani, 1997) 
has, until recently, not been able to replicate the same findings.  
In one experiment, Day, MacDonald, Brown, Laland and Reader (2001) found some 
more robust evidence of conformity in the shoaling behaviour of fish. Smaller shoals were 
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found to take longer to locate food than larger shoals. However, in a second experiment, 
which required the fish to swim through an opaquely partitioned maze in order to access the 
food, larger shoals took considerable longer than smaller ones to find the reward. This 
discrepancy was attributed to the tendency of guppies to prefer larger sized shoals to smaller 
ones. In this case, because the fish had to swim through a partition they would have been 
required to break their visual contact with other fish, which to them may appear as if they 
were parting from the larger group. In a third, follow-up, experiment Day et al. (2001), 
replicated the study but this time the partition was rendered invisible, thus allowing the fish to 
maintain visual contact with their conspecifics. This time the larger group was again more 
successful than the smaller one to retrieve the reward. Day suggested this was because visual 
contact was not broken and the fish did not feel as if they were separating from the larger 
group.  
It is possible that individuals will take an opposite approach to conformity and show a 
preference for a strategy in which rare behaviours, rather than the more common ones, are 
disproportionately favored. Dawsett-Lemaire (1979) showed just this effect (i.e. preference 
for rare behaviours) in European marsh warblers, who copy vocal sounds of a variety of 
species. In this case, females favored males that had the most elaborate songs. According to 
Catchpole and Slater (1995) mimicking the vocalizations of another species is the direct result 
of sexual selection in that the behaviour of more successful individuals (who posses a larger 
vocal repertoire) provides an advantage over less successful individuals. A strategy that 
involves favoring more successful others requires the recognition of “success” cues which can 
be based on reproductive success, physical health and social status (among others). Boyd and 
Richerson (1985) suggest that this “indirect bias”, as they call it, can lead to adaptive 
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behaviours. It may not always be easy, however, for individuals to identify which traits and 
characteristics act as the source of success.   
If animals are attuned to recognizing success cues, high-ranking members of the group 
would be copied more often than lower ranking ones. Although research in this area is sparse, 
there is some existing evidence that monkeys and birds are more likely to be influenced by 
high status conspecifics than low-ranking ones (Drea and Wallen, 1999; Nicol and Pope, 
1994).  Drea and Wallen (1999) found that in monkeys, those of low-ranking status "played 
dumb" in simple cognitive trials when tested in the presence of their superiors. However, 
when tested alone with only low-rankers together, the monkeys scored as well as the high-
ranking animals. Menzel (1973) observed that low ranking chimpanzees deliberately withheld 
knowledge about food source whereabouts when in close proximity to more dominant 
members. In a study by Coussi-Korbel (1994) with mangabeys, it was noticed that some 
individuals would also withhold information from the dominant male, and also redirect his 
attention elsewhere, so as not to lose a potential reward. Each of these examples shows an 
effect of status based activity. 
Chimpanzees also learn differently from different individuals depending on their 
social status (Berger et al. 1977; Drea and Wallen, 1999; Nicol and Pope, 1994). Evidence 
provided by Drea and Wallen (1999), Nicol and Pope (1994),  Menzel (1973) and Coussi-
Korbel (1994) indicates that social context affects the performance of skilled individuals, 
which can influence what, and how much, is learned by observers.  
To investigate the impact of sociality on group level associative learning, Drea and 
Wallen (1999) compared the individual performances of group-tested rhesus monkeys across 
various social contexts, using a discrimination paradigm that measures an animal’s ability to 
form associations between cues and the obtaining of food in choice situations. After training a 
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fifty-five member group to separate on command into two subgroups, composed of either 
high- or low-status families, the animals were exposed to two color discrimination problems, 
one with all monkeys present, the other in their “dominant” and “subordinate” cohorts. Next, 
they manipulated learning history by testing animals on the same problems, but with the 
social contexts reversed. Monkeys from dominant families excelled in all conditions, but 
subordinates performed well in the split condition only, regardless of learning history. 
Subordinate animals had learned the associations, but expressed their knowledge only when 
segregated from higher-ranking animals. Because aggressive behavior was rare, performance 
deficits probably reflected voluntary inhibition. Drea and Wallen (1999) argue that the 
experimental evidence of rank-related, social modulation of performance calls for greater 
consideration of social factors when assessing learning. 
In a similar study Nicole and Pope (1994) explored the social transmission of key-
pecking in small flocks of adult laying hens that were kept in litter pens. Groups of seven 
hens (observers) were exposed to a five minutes performances by demonstrators trained to 
peck a key for a food reward. Control groups spent five minutes in the experimental pen but 
did not observe a demonstrator. The acquisition of key-pecking was examined in groups of 
observers after each demonstration session, and in individual food-deprived observers in a 
later test. In one experiment, hens from control groups made significantly fewer entries to the 
response chamber than hens from all other groups, made fewer pecks to the feeder door than 
hens that had observed dominant or unfamiliar demonstrators, and made fewer key-pecks 
than hens that had observed dominant demonstrators. Social learning was greatest in 
observers that had been exposed to the performance of socially dominant demonstrators, 
compared with socially subordinate or unfamiliar demonstrators. In a second experiment, the 
removal of a Perspex screen separating the demonstrator and observers reduced 
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demonstration quality. In a third experiment, hens were able to visit an alternative food source 
within the experimental pen, but feeding during the demonstration session did not appear to 
interfere with social learning. Nicole and Pope (1994) concluded that social learning in hens 
seems to be facilitated by features of the traditional laboratory environment that may be 
absent in the field.  
According to Lefebvre (1995) cultural transmission implies the rapid spread of 
behavioural innovations when initially naïve individuals copy more informed ones. 
Mathematical models of transmission feature accelerating (and in most cases, logistic) rates of 
learning as animals that acquire an innovation provide ever increasing numbers of informers 
for potential learners. On the other hand, Lefebvre (1995) described that non-accelerating 
rates have been proposed as a null hypothesis for apparent cases of cultural transmission that 
can best be explained by simpler mechanisms such as trial-and-error learning.  
Complementing the findings of Lefebvre (1995), a study by Cambefort (1981) 
investigated social acquisition patterns of new feeding habits in the baboon and the vervet 
monkey in their natural habitat. Cambefort (1981) explored whether behaviour would be 
influenced by social parameters such as the social structure of the individual species. It was 
found that it was the juvenile baboons that often discovered new food and after the discovery 
propagation was generally instantaneous. In vervets discovery was random among the age 
classes and propagation was slow and took place through certain 'pivot' individuals 
(Cambefort, 1981). Both species failed to learn about palatability by demonstration but went 
through a direct learning process. This contrasts strongly with the “forest baboon” that has 
been shown to learn by demonstration (Cambefort, 19981). Socially, baboon juveniles stay 
closer to each other than the adults who force them to live at the periphery of the troop 
(Cambefort, 19981). Vervets again forage without precise sub-group formation. 
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In their model of the relation between social learning and social dynamics, Coussi-
Korbel and Fragaszy (1995) suggest that while social learning per se may be more common in 
tolerant species (van Schaik 1999), directed social learning may be less common in 
egalitarian species than more despotic ones and they provide 3 hypothetical types of social 
dynamics; highly despotic, intermediate and highly egalitarian. The model suggests that a 
decrease in the sensitivity to observer identity is also likely to correlate with a decrease in the 
occurrence of directed social learning. Coussi-Korbel and Fragaszy (1995) make it clear that 
variation across individuals in social learning cannot be accounted for simply through social 
dynamics alone, rather, multiple factors may be at play in any particular case. 
Evidence of the connection between status and social influence in humans is provided 
by the prevalence of celebrity endorsements. An early example of the human connection 
between status and influence is provided by economists (Berger et al. 1977) who argued that 
the degree of influence that one person has on another is derived in part from status 
differences. A strategy that relies on the principle of copying the successful behaviours of 
others is a very popular choice for advertisers; more than ten percent of television advertising 
includes celebrity endorsement (Walker, et al. 1992). This form of advertising is popular 
because it is successful: Agarwal and Kamakura (1995) use event study methodology to show 
that announcements of celebrity endorsement contracts are associated with increases in stock 
value of firms. 
Celebrity advertising may be successful because humans are especially attuned to 
high-status individuals, and are more likely to learn from them (to adopt their advice) than 
from others. Cummins (1998) proposes "dominance theory" as a framework to account for 
human cognitive capabilities that cause them to be attuned to social norms involving status 
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hierarchies. The findings of the current study explore whether this propensity is shared with at 
least chimpanzees.  
In related work, Gilbert (1990) argues that emotional responses to status differences 
are strong motivators for behavior. Perhaps celebrity advertising evokes a desire to mimic. 
Gil-White and Henrich (1999) argue that status is a valuable signal that someone is 
worth paying attention to. Instead of focusing on dominance hierarchies, which are observed 
in many nonhuman as well as human societies, they distinguish between imposed status 
(dominance) and freely conferred status (prestige). They argue that prestige is a second 
avenue to status and status-competition that results from the combination of an intensely 
social life and an imitative capacity. In a prestige hierarchy, selective attention to higher-
status individuals enhances behavioural transmission, which may lead to the reproduction of 
successful strategies. On an individual level, paying attention to those with prestige (and 
imitating them) can be beneficial, as individuals with status typically are successful in a 
variety of domains, and presumably have valuable knowledge. Selective attention to more 
successful persons leads to the transmission of more valuable information. Gil-White and 
Henrich (1999) argue that not only is this a reasonable learning shortcut, but it is an 
evolutionarily stable strategy. High status individuals have learned how to succeed in their 
environment, so imitating their behavior can be highly beneficial.  
Game theory provides a range of other possible strategies (see Table 4.1) that an 
individual can adopt in order to increase their performance and success. The various strategies 
include (i.) copying the actions of another when dissatisfied with one’s own behavioural 
outcomes (also Schlang, 1998); (ii.) copying the most successful social learners (Blackmore 
1999- this strategy was challenged by Barrett, Dunbar, and Lycett, 2002); and (iii.) copying 
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older individuals (Kirkpatrick and Dugatkin, 1994). For further review of the various possible 
strategies employed by individuals when copying the behaviour of others see Laland (2004). 
 
4.2.3 Predictions 
Based on the literature my predictions were that chimpanzees would watch the actions 
of their mother more often than they watch the actions of others (non-kin). It was also 
expected that chimpanzees would adopt both a “status based learning strategy” - in which 
higher-ranking individuals would acquire new behaviours faster than lower ranking 
individuals – and also a “copy what you see most” strategy – in which individuals that watch 
more of behaviour “x” will result in them doing more of behaviour “x”. The rationale for this 
parallels conditioning in which behaviour “x” becomes a consequence of its own repetition 
and therefore increasing the likelihood of behaviour “x” occurring in the future. I will refer to 
this as “copy-what-you-see-most” strategy. 
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Social Learning Strategies 
“When” Strategies 
Copy when established behavior is unproductive 
Copy when asocial learning is costly 
Copy when uncertain 
“Who” Strategies 
Copy the majority 
Copy if rare 
Copy successful individuals 
Copy if better 
Copy if dissatisfied 
Copy good social learners 
Copy kin 
Copy “friends” 
Copy older individuals 
Note—“When” strategies specify the circumstances under 
which individuals copy others, and “who” strategies 
identify from whom individuals learn. Here, the term copy 
refers to any form of social learning. 
 
 
Table 4.1 – List of social learning strategies. Reproduced from Laland (2004) 
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4.3 Method 
Video footage collected during the Probe-task and the Turn-ip experiments (chapter 3) 
was analyzed together with social interaction data gathered at Bastrop in order to determine 
the lines along which information was channeled throughout the transmission process. Here, 
data from the Probe-task and the Turn-ip task was used to chart which actions (“push”, “lift”, 
“stab”, “slide” for the Probe-task and “ratchet”, “slide”, “turn”, “press” for the Turn-ip task) 
each individual observed and which actions they later performed (see Figure 4.1). When 
related together, the data make it possible to determine who learned what, who learned when 
and who learned from whom. By charting up which specific actions each individual observed 
and performed before becoming successful at the task themselves. These data were used to 
develop figures showing the actions 
 
4.3.1 Participant colonies 
A total of 79 chimpanzees, held at the University of Texas MD Anderson Cancer 
Centre (UTMDACC), in Bastrop, TX took part in this experiment. These were the same 
participants from the Pan-pipes, Turn-ip and Probe-task experiments. B1, B2, B3, B4, B5 and 
B6 (which included 53 members) were selected as experimental groups, while C1 and C2 
(with 26 chimpanzees) served as control groups. A detailed overview of the composition of 
each group is shown in Table 2.1 in chapter 2.  
 
4.3.2 Social status 
Observations of social behaviours that occurred between 8am and 5pm were recorded 
across each of the 6 experimental groups. Corrals B1 to B6 were each observed for 30 hours. 
Over a period of twelve weeks, a total of 180 hours of observation were collected. Most data 
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collection sessions lasted 6 to 8 uninterrupted hours. The experimenter was located on a 
platform above each corral with a bird’s eye view of the outside of each enclosure. 
Observations were made without intrusion on the usual behaviour of the subjects. By 
minimizing experimenter interference, the false responses that might be introduced by 
manipulative research procedures were removed; this also improves external validity. 
Notes were used to code social interactions that included aggressive behaviours (see 
Table 4.2) and grooming occurring between individuals in each group.  
To determine status, the number and direction of aggressive affiliative acts that 
occurred during observation sessions were recorded into a matrix form (see Appendix Table 
A4.1 for an example of the form used). This was then used to create detailed sociograms for 
each group, mapping the direction of each act.  
Grooming is used to relax tension from threats and aggression and is also a very 
important social behaviour that denotes levels of affiliation between members. "(Grooming) is 
effectively a solicitation of support but with a time-lag; animals groomed now might be 
readier to give support later," (Harcourt, 1988, p. 132). Another author described that "both 
naturalistic and experimental evidence suggests that grooming is sometimes exchanged for 
support in agonistic interactions," (Silk, 1992, p. 214). 
Grooming behaviour was documented into similar matrix forms used to code 
aggressive behaviour. Grooming sessions included several individuals of varying ages and 
lasted from a few seconds up to an hour. In order to get a picture of who grooms whom in 
each of my experimental groups, grooming behaviours were recorded for each group member 
over a period of two months (and a total of 30 hours each group). All grooming related 
affiliative activity that occurred during observation sessions was recorded – including uni-
manual and bi-manual acts, mouth grooming, playing, sitting in contact, gentle touching, 
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kissing, embracing, wrapping an arm around another, inspecting another s genitals, passing 
touch, mounting, and grasping the testicles (Arnold and Whiten 2001). 
 
4.3.3 Kinship 
Group-living animals are routinely exposed to kin and non-kin as potential sources of 
information and therefore permit testing for kin based transmission. The efficiency of parent 
versus non-parent models for juvenile social learning can be directly compared. 
Genetic records were used to determine the parent-offspring relationships between 
each parent and their offspring.  There were a total of 21 parent-offspring relationships across 
the 6 experimental groups (B1 to B6); all matrilineal ties (see Table 4.3) and no paternal 
relationships remained. Bernie in B5 and Tina in B6 were the only mother-daughter pair that 
resided in neighbouring communities within direct view of each other.  
It was predicted that observers would watch the actions of their biological kin more 
often than the actions of others. The total number of actions observed and average time spent 
observing was calculated up until each individual became successful at the task.
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Figure 4.1 - Who watched whom? This is a representation of actions observed by each individual 
in B1 (seeded with method “Stab”) in the Probe-task. Each row cluster represents a chimpanzee, 
with their code name on the right. Chimpanzees are listed top-to bottom in the order of acquisition, 
starting with the original model on top (KE), who introduced the technique to the group, followed 
below by the next chimpanzee to learn the task – for example, MY watched the model perform 2 
“turn wheel” actions, 36 “push rib” actions, 25 successful “push-then-stab” reward acquisitions, 25 
“lift flap” actions and no rewarded “lift-then-slide” actions before becoming successful at the task 
herself. The graphs below each individual’s id show the percentage of “push rib” vs. “lift flap” 
actions performed by that individual before becoming successful at extracting the reward, for 
example MY performed “push rib” actions about  60% of the time and “lift flap” actions 40% of 
the time. Arrows link mother to offspring. Figures for each of groups B2 to B6 can be found in 
Appendix Figures A4.1 to A4.11. 
Turn Wheel           Lift Flap
 
Push Rib 
 
Successful           Successful 
Push + Stab *           Lift + Slide* 
 
*No instances of Turn + Stab or 
Turn + Slide were recorded. 
 
Observations recorded until 
successful at extracting reward.  
 
Arrows link mothers to offspring 
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Affirming Dominance 
One way by which chimpanzees assert and maintain their status within the group is by expressing 
physical aggression.  
List of Recorded Behaviours - including failed attempts 
 
Arm threat 
 
Attack 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
Chase      
 
Club 
 
Cough threat 
 
 
Displace     
 
 
Display  
 
 
 
 
 
Threaten  
 
 
 
Raise arm quickly; sometimes includes bare teeth and vocalization. 
 
Includes “fights”, “gang attacks” and “retaliation attacks“. Goodall's (1989) 
Attack: "Aggressive physical contact between two, or more, individuals." Also 
includes: 
 
Bite          -Nipping or cutting into the anatomy of another individual by pressing the teeth 
on the skin and closing the jaws hard." Plooij's (1984). 
Charge     -Goodall (1989): "A fast run directed toward another individual."  
Drag         -Drag along the ground another individual.  
Grab         -Goodall (1989): "When one individual roughly seizes another with one or both 
hands. 
Hit             -Bring down an arm from above and strike the partner with the fist. Van 
Hooff's (1973) and Goodall's (1989) "Hit" includes the case of striking 
with the palm, which is also called "Slap". 
Kick          -Goodall (1989): "Make contact with an objective (usually another chimp) with 
one or both feet. Kicking is a forward, sideways or backward movement, 
different from a stamp which is always downward..." See Fig. 3 of 
Nishida (1994).  
Pinch        -Goodall (1989). 
Pull           -Grasp and tug at another individual by flexing arms; pulling the hair of another 
individual; yanking objects away from another individual. 
Push          -Exert force by extending arms in contact during aggression. 
Scratch     -Scratch another individual in order to inflict wound. Goodall's (1989) 
Aggressive scratch: "A chimpanzee may scratch another during a fight." 
Stamp       -Goodall (1989): ”Forceful downward kick of one foot, or alternate feet, (with 
sole making contact).” 
 
 
Chasing another individual over a distance greater than 1 meter. 
 
Club another individual with an object. 
 
Goodall (1989): "A grunt-like sound uttered through slightly open mouth directed 
by higher ranking chimpanzees to subordinates. Indicates mild annoyance. 
 
When the approach of an individual causes another to move from its position (no 
threat expression necessary). 
 
Goodall (1989): "The chimp may move in a slow rhythmic "cantering gait", run at 
a moderate speed or very fast. Display patterns include “scrub”, “throw”, “drag 
branch”, “sway branch”, “slap”, “stamp”, “slap-stamp”, “flail”, “drum”, “rake” and 
occasionally “beat chest”. May also incorporate rocking side to side, erect fur and 
standing upright. 
 
Intention movement or preparatory gesture of aggression at another individual; 
includes making a “threat face” (open-mouth, bare teeth, raised eyebrows (van 
Hooff, 1973) and/or vocalization. 
 
 
Table 4.2 - List of aggressive social behaviours that were documented in order to determine 
rank; biting, chasing, displacing, displaying, hitting, pulling, pushing, throwing, stabbing and 
making threatening gestures and facial expressions. 
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Kinship 
Only relationships between individuals that were living in the same group 
OR had a clear view of one another were included in this analysis. 
List of Parent-Offspring Relationships in groups B1 to B6 
 
MATERNAL 
MOTHER          OFFSPRING 
 
B1 
 
 
 
B2 
 
 
B3 
 
 
 
B4 
 
 
 
B5 
 
B6 
 
KELLY  
KELLY 
MARY 
PEPPER 
JANA 
GERTRUDE
LULU 
LULU 
GLENDA 
ABBEY 
JANA 
MICHON 
JUDY 
BETTY 
BERNIE 
URSULA 
ALPHA 
BERNIE 
TINA 
SOPHIE 
 
TINKER 
CECILIA 
ZOE 
NINA 
TASHA 
RADAR 
TONY 
LYLE 
CASSIE 
EMILY 
XENA 
MONIQUE 
HODARI 
BILLY 
CODY 
MISTY 
BETA 
TINA 
LEXUS 
GAGUE 
 
Table 4.3 - List of mother-offspring relationships in each of groups B1 to B6. Bernie in B5 
and Tina in B6 (in bold, italics) were the only parent-daughter pair living in separate groups 
that had a clear view of one another. Male offspring are denoted in italics. 
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4.3.4 Who watches whom and who does what? 
A record was kept of the actions that each chimpanzee observed at the time that they 
were exposed to the apparatus for the first time and until they became successful at the task. 
The actions that each chimpanzee performed first were also documented.  
In instances where individuals were observing the apparatus being manipulated in the 
neighbouring group, I documented the actions that each chimpanzee watched (by watching 
through the windows) and the actions that observing chimpanzees performed first. 
Statistics. Nonparametric statistics have been employed as a conservative approach, 
given relatively small sample sizes – e.g. each of my groups at Bastrop was only about 10 
individuals. This means that any result that is significant using a nonparametric approach is 
likely to be real. The data in the current study were both interval and normally distributed, 
therefore the Pearson r correlation statistic was used. Finally because the null hypothesis is 
that two categories are equally likely to occur, the binomial test was used as it is an exact test 
of the statistical significance of deviations from a theoretically expected distribution of 
observations into two categories. 
 
4.4 Results 
4.4.1 Rank - status based learning 
Social rank was expected to show a relationship with the order of acquisition. It was 
predicted that Higher-ranking individuals would acquire new behaviours sooner than lower 
ranking ones.  
The social status of each individual was determined through the dominance (see 
Figure 4.2) and grooming data collected.  
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Figure 4.2 - Social rank of each individual in Bastrop-West (B1-B3) culture and Bastrop-East 
(B4-B6) culture (B4-B6). Original models are denoted in grey.  
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Data were used to create sociograms representing the number of times each individual 
directed aggression towards another member of the group. B2 and B5 were the most 
egalitarian groups with a total of only 94 and 60 aggressive acts respectively.  Groups B4 and 
B6 were the most despotic with 204 and 163 aggressive occurrences respectively. 
 Sociograms of grooming behaviour were omitted due to time constrains but on 
average all groups performed an average of 125 grooming actions. In B1 for example there 
was a total of 123 grooming actions with PI, HU, MY, BE, MA, TI, CE, KE and ZO initiating 
grooming towards another member 21, 9, 9, 10, 9, 9, 12, 39 and 7 times respectively.  
Figure 4.3 shows the social links between each member within each of the 
experimental groups.  The basic assumption was that more dominant individuals would 
express aggression towards other members of lower rank more often than lower ranking 
individuals would express towards higher ranking ones.  
The dominant male exerts different levels of aggression according to the rank of the 
females (see Figure 4.4). The sum of all aggressive acts displayed by the 6 alpha males 
towards the alpha female totaled 4. Aggressive acts directed at the 2nd, 3rd, 4th, 5th and 6th 
ranking females by the dominant male increased to 17, 28, 31, 44 and 60 respectively. This 
level of aggression continued to rise steadily in the 5th and 6th ranks despite there only being 4 
females in group B5 and 5 females in group B2. 
The order in which individuals in each group mastered the Probe and Turn-ip tasks 
was significantly correlated in groups B2 (r = 0.74, n = 7, P = 0.037), B3 (r = 0.84, n = 9, P = 
0.001) and B6 (r = 0.95, n = 8, P < 0.001). The correlation was high and positive for all six 
groups (binomial test, P = 0.04).  
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Probing device, stabbing and sliding techniques. The order in which individuals in 
each group mastered the Probe-task was significantly correlated with social rank in groups B3 
(r = 0.63, n = 7, P = 0.039) and B6 (r = 0.96, n = 8, P < 0.001). See Figure 4.5. 
Turn-ip device, ratchet-then-slide and turn-then-press techniques. In the case of the 
Turn-ip task, the correlation between rank and order of acquisition was significant for groups 
B3 (r = 0.84, n = 10, P < 0.001) and B6 (r = 0.95, n = 9, P < 0.001). The correlations in B1 
and B2 became significant when the males were removed from the analysis (r = 0.83, n = 6,  
P = 0.042 and r = 0.90, n = 5, P = 0.037 respectively). See Appendix Table A4.2.  
 
4.4.2 Who learns what? 
It was predicted that individuals would copy the behaviours that they saw being most 
repeated, i.e. seeing behaviour ‘x’ more would result in performing behaviour ‘x’. This was 
examined by looking at the correlations between actions that the chimpanzees had observed 
(“push”, “stab”, “lift” and “slide” in the Probe-task and “ratchet”, “slide”, “turn”, “press” in 
the Turn-ip task) and the actions that they performed. Only actions that each individual 
performed up until they first became successful at the task were used in this analysis, because 
once successful reinforcement could shape learning. 
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B2 B5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 4.3 - Sociograms showing aggressive activity between each individual in each of groups 
B1 to B6. End of line indicates amount of aggression received. Thickness of the line indicates the 
level of aggression, the thicker the line the greater the aggression. Blue represents males and red 
represents females. The size of each circle corresponds to the status of the individual; the more 
dominant the individual the larger the circle, the less dominant the smaller the circle.  
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Figure 4.4 - Line graph showing the combined total aggressive acts by the dominant males of 
groups B1 to B6 toward female members, according to rank. 
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Figure 4.5 - Order of acquisition for the Probe-task in Bastrop-West (B1-B3) culture and 
Bastrop-East (B4-B6) culture (B4-B6). The stab technique was acquired by members of each 
group in the shown order. 
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Figure 4.6 - Order of acquisition for Turn-ip task in Bastrop-West (B1-B3) culture and 
Bastrop-East (B4-B6) culture (B4-B6). The ratchet-then-slide technique was acquired by 
members of each group in the shown order. 
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 The measures “actions observed” (“watch push”, “watch lift”, “watch stab”, “watch 
slide” for the Probe-task and “watch ratchet”, “watch slide”, “watch turn”, “watch press”)  ‘x’ 
“actions performed” (“do push”, “do lift”, “do stab”, “do slide” for the Probe-task and “do 
ratchet”, “do slide”, “do turn”, “do press”) were plotted into a matrix to examine correlations. 
Actions of individuals in groups B1 to B3 were not visible to individuals in B4 to B6, 
and vice versa. Therefore analyses were carried out separately for Bastrop-West (groups B1-
B3) culture (Probe-by-stab, Turn-ip ratchet-then-slide traditions) and Bastrop-East (B4-B6) 
culture (Probe-by-slide, Turn-ip turn-then-press traditions). 
Action acquisition in Bastrop-West culture (groups B1-B3). For the probe-task, 
individuals in groups B1, B2 and B3 who witnessed other members of their own group 
performing ‘stab’ actions (see Figure 4.1  for a graphical representation of actions witnessed 
by each individual in group B1 and Appendix Figures A4.1 to A4.11 for figures showing each 
action observed by all other individuals in each group, up until the moment of success) were 
initially more likely to stab (r = 0.505, n = 18, P = 0.033), those who observed “lift” actions 
were more likely to lift (r = 0.986, n = 18, p < 0.001) and those who observed “slide” actions 
were more likely to slide (r = 0.883, n = 18, p < 0.001). The correlation between “watch 
push” and “do push” was not significant but it was positive (r = 0.432, n = 18, P = 0.073).  
When individuals in B2 and B3 observed other members of another group use the 
“push” and “stab” technique their initial actions were more likely to be “push” (r = 0.477, n = 
20, p = 0.034) and “stab” (r = 0.641, n = 20, p = 0.002). The relationship between “watch lift” 
x “do lift” and “watch slide” x “do slide” became significantly correlated (r = 0.681, n = 20, P 
< 0.001 and r = 0.537, n = 20, P = 0.015 respectively) when the analysis was conducted using 
only the 1st 10 actions that the chimpanzees had performed. 
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When individuals in B1, B2 and B3 observed other member of their own group  
“ratchet” and “slide” they would also ratchet (r = 0.899, n = 21, P < 0.001) and  slide (r = 
0.658, n = 21, P < 0.001). In cases when individuals had witnessed “turn” and “press” actions 
they would also turn (r = 0.797, n = 21, P < 0.001) and press (r =  0.812, n = 21, P < 0.001). 
See Table 4.4.  
When members of B2 and B3 had observed other members of another group perform 
“ratchet” actions they were more likely to ratchet (r = 0.490, n = 23, P = 0.024), and 
individuals that had witnessed “turn” actions were more likely to turn (r = 0.704, n = 23, P < 
0.001). When witnessing “press” actions they were also more likely to press (r = 0.975, n = 
23, P < 0.001). Although the relationship between “watch slide” and “do slide” was not 
significantly correlated, it was positive (r = 0.181, n = 23, P = 0.432). 
Action acquisition in Bastrop-East culture (groups B4-B6). In Bastrop-East,  
individuals that had observed other members of their own group using the “push” and “stab” 
technique were initially more likely to “push” and “stab” (r = 0.790, n = 21, P < 0.001 and r = 
0.711, n = 21, P < 0.001 respectively).  
The relationship between “watch lift” and “do lift” was not significant but it was 
positively correlated (r = 0.104, n = 21, P = 0.026). The correlation between “watch slide” 
and “do slide” was also not significant but it was positive (r = 0.062, n = 21, P = 0.790). See 
Table 4.5. 
Individuals in groups B5 and B6 that had observed members of another group perform 
“push” would also push (r = 0.800, n = 23, P < 0.001), those who had observed “stab” would 
later stab (r = 0.957, n = 23, P < 0.001), those who had seen “lift” also lifted (r = 0.992, n = 
23, p < 0.001) and those who had seen “slide” actions would also slide (r = 0.913, n = 23, P < 
0.001).  
Spiteri A. 
 
 
 159
In B4, B5 and B6 those who had witnessed other members of their group “ratchet” 
and “slide” would ratchet (r = 0.726, n = 22, P < 001) and slide (r = 0.995, n = 22, P < 0.001) 
and those who had seen “turn” and “press” action would also turn (r = 0.997, n = 22, P < 
0.001) and press (r =  0.948, n = 22, P < 0.001). 
When B5 and B6 observed members of another group perform “ratchet” and “slide” 
actions they were more likely to perform ratchet and slide (r = 0.644, n = 24, P < 0.001 and r 
= 0.561, n = 24, P = 0.004 respectively).  When they had witnessed “turn” actions they were 
also more likely to turn (r = 0.577, n = 24, P = 0.003). Although the relationship between 
“watch press” and “do press” was not significantly correlated, it was positive (r = 0.384, n = 
24, P = 0.0.064). 
 
4.4.3 Who watches whom? 
In the case of the Probe-task, the average time that each individual spent observing a 
model, before becoming successful at the task themselves was 21 minutes and in the case of 
the Turn-ip task, it took 1 hour.  
On average, mothers spent more time (Median 2 minutes more) observing others than 
they did observing their young. This is consistent with reports in the literature proposing that 
young individuals make poor models and are unlikely to be copied by others. The average 
time that each offspring spent observing their mother, before becoming successful at the task 
themselves was 19 minutes, and the average time that each spent observing other non-kin was 
5 minutes and 6 minutes respectively. Therefore each offspring observed their mother for an 
average of 14 minutes more than they observed non-kin. 
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WHO LEARNS WHAT – TURNIP-TASK 
Within Groups Correlations 
 
GROUPS B1, B2, B3 
Watch PUSH – Do PUSH  
Watch STAB –  Do STAB  
Watch SLIDE – Do SLIDE 
Watch LIFT – Do LIFT 
r = 0.432      n = 18      P = 0.073 
r = 0.505      n = 18      P = 0.033 
r = 0.883      n = 18      P < 0.001 
r = 0.986      n = 18      P < 0.00 
GROUPS B4, B5, B6 
Watch PUSH – Do PUSH  
Watch STAB –  Do STAB  
Watch SLIDE – Do SLIDE 
Watch LIFT – Do LIFT 
r = 0.790      n = 21      P < 0.001 
r = 0.711      n = 21      P < 0.001 
r = 0.062      n = 21      P = 0.790 
r = 0.104      n = 21      P = 0.026 
Between Groups Correlations 
GROUPS B2, B3 
Watch PUSH – Do PUSH  
Watch STAB –  Do STAB  
Watch SLIDE – Do SLIDE 
Watch LIFT – Do LIFT 
r = 0.477      n = 20      p = 0.034 
r = 0.641      n = 20      p = 0.002 
r = 0.537      n = 20,      P = 0.015 
r = 0.681      n = 20      P < 0.001 
GROUPS B5, B6 
Watch PUSH – Do PUSH  
Watch STAB –  Do STAB  
Watch SLIDE – Do SLIDE 
Watch LIFT – Do LIFT 
r = 0.800      n = 23      P < 0.001 
r = 0.957      n = 23      P < 0.001 
r = 0.913      n = 23      P < 0.001 
r = 0.992      n = 23      p < 0.001 
 
Table 4.4 – Within group and between groups correlations for Probe-task. 
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WHO LEARNS WHAT – PROBE-TASK 
Within Groups Correlations 
 
GROUPS B1, B2, B3 
Watch RATHCHET – Do RATCHET  
Watch SLIDE –  Do SLIDE  
Watch TURN – Do TURN 
Watch PRESS – Do PRESS 
r = 0.899      n = 21      P < 0.001 
r = 0.658      n = 21      P < 0.001 
r = 0.797      n = 21      P < 0.001 
r =  0.812     n = 21      P < 0.001 
GROUPS B4, B5, B6 
Watch RATHCHET – Do RATCHET  
Watch SLIDE –  Do SLIDE  
Watch TURN – Do TURN 
Watch PRESS – Do PRESS 
r = 0.726     n = 22,     P < 0.001 
r = 0.995     n = 22      P < 0.001 
r = 0.997     n = 22,     P < 0.001 
r =  0.948    n = 22      P < 0.001 
Between Groups Correlations 
GROUPS B2, B3 
Watch RATHCHET – Do RATCHET  
Watch SLIDE –  Do SLIDE  
Watch TURN – Do TURN 
Watch PRESS – Do PRESS 
r = 0.490     n = 23     P = 0.024 
r = 0.181     n = 23     P = 0.432 
r = 0.704     n = 23     P < 0.001 
r = 0.975     n = 23     P < 0.001 
GROUPS B5, B6 
Watch RATHCHET – Do RATCHET  
Watch SLIDE –  Do SLIDE  
Watch TURN – Do TURN 
Watch PRESS – Do PRESS 
r = 0.644     n = 24     P < 0.001 
r = 0.561     n = 24     P = 0.004 
r = 0.577     n = 24     P = 0.003 
r = 0.384     n = 24     P = 0.0.064 
 
Table 4.5 – Within group and between groups correlations for Turn-ip task. 
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 Wilcoxon matched-pair signed-ranks test showed that individuals had a general 
tendency to spend more time observing their mother than they did observing non-kin (z = -
2.205, p = 0.027).  
Tina (TI), in B6, had a direct view of her mother Bernie (BE) in B5 and was able to 
observe the mother’s actions (as well as the actions of others in B5) as she operated the Probe 
and Turn-ip tasks. During the Probe-task, TI observed 110 actions performed by BE and 37 
actions performed by others, during the Turn-ip task TI observed 164 actions performed by 
BE and 8 actions performed by others. This indicates that despite mother (BE) and daughter 
(TI) being located in separate corrals, the kin effect was still strong. Larger samples are 
needed in order to confirm whether individuals are more likely to observe and learn from kin 
that live in separate groups. 
 
4.6 Discussion 
The correlations indicate that chimpanzees learn behaviours that they observe early on 
and, moreover, specific actions that are observed are the actions learned. For example when a 
chimpanzee observed more sliding actions, they later expressed more sliding actions (see 
Figure 4.1 and Appendix Figures A4.1 to A4.11). Complementing the findings of Whiten et 
al. (2005), the result of this study provide strong evidence that when faced with a novel task 
chimpanzees initially tend to copy behaviours that they see most commonly expressed by 
other individuals in the group.  
There was a big difference between the average time taken to solve the Probe-task 
(just over 20 minutes) and the average time taken to learn the Turn-ip device (over an hour), 
This is likely to result from the level of complexity inherent to the device, in that the Probe-
task may be easier for chimpanzees to solve than the Turn-ip. 
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In these experiments, chimpanzees spent more time observing behaviours performed 
by those genetically related to them when learning a novel task.  
Parent-offspring transmission is one of the major pathways for social learning. 
Mathematical models often point out the importance of vertical transmission (Cavalli-Sforza 
and Feldman, 1981 and Pulliam, 1983). Experiments on laboratory rodents have brought to 
light maternal influences on offspring diet (Galef, 1977 and Valsecchi et al. 1993). A number 
of field studies describe adult-juvenile associations that allegedly and indirectly promote 
learning (Davies, 1976; Skutch, 1976 and Diamond, 1987), but those specifically testing for 
parent-offspring transmission in chimpanzees are rare.  
My results are consistent with the hypothesis that when encountering novel items, 
infants often pay close attention to their mother’s reactions. These findings fit nicely with 
Fragaszy et al. (1997), who reported that young capuchins expressed more interest in 
another's food when that food was novel. In the wild, chimpanzee mothers occasionally 
interfere with infants’ activity by removing food items from an infant's mouth, and discarding 
them, if the items were not included in a mother's food repertoire (Goodall, 1986). Some 
commentators have even argued that such behaviour is evidence of teaching (Caro and 
Hauser, 1992). In another study by Ueno and Matsuzawa (2005), mother chimpanzees were 
more often tolerant rather than actively interfering in response to the infant's activity.  
This may be because related individuals have a general tendency to forage most often 
with their kin than with non-kin. In other words, in cases where foraging association is more 
frequent between kin, this may lead to more learning from kin. However the current open-
diffusion design does not make it possible for me to determine whether transmission of food-
extraction techniques are passing directly from parent to offspring, because in these studies I 
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could not conclude whether behaviours learned were those of the parent or somebody else; 
this offers scope for future research.  
The results on kinship have important implications for mathematical models of 
cultural transmission. Most of these models generally assume that vertical transmission is a 
key route for the spread of both novel and traditional behaviours and my findings provide 
support for this hypothesis. When cultural transmission is biased in favor of kin, there is 
inevitably a high degree of overlap between genetic and cultural transmission pathways: 
offspring may show the same behaviours as their parents whether the mechanism of 
transmission is genetic or cultural. In the wild it is often difficult to distinguish whether the 
route of transmission is cultural or genetic. Nonetheless, the present study makes use of 
several novel and experimental techniques which allows me to conclude that, in this case, the 
transmission is cultural and not genetic.  
Further research is needed to determine when kin may learn as readily from non-kin as 
they do from kin and also to determine conditions when chimpanzees may actually learn less 
readily from kin despite their frequent association with them. Current chimpanzee literature 
does not consider social learning and transmission between siblings; unless a sibling is more 
advanced in skill and expertise they would not be expected to be major social contributors of 
information. More empirical work is needed in order to explore such potential effects and 
make mathematical models of transmission more accurate and predictive.  
In the single case that mother and daughter were located in separate, neighbouring 
corrals and within view of one another, a kin effect was nevertheless observed. In order to 
fully test the hypothesis that individuals are more likely to observe and learn from kin, 
independently of close proximity, that live in separate groups, future research will need to 
explore this with a larger number of mother-offspring chimpanzee pairs.  
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The possibility that the bond between mother and offspring can continue beyond the 
nursing years and into adulthood, even after the individuals experience separation from one 
another through migration, has important implications beyond social learning. In the wild the 
formation of lifelong attachment between mothers and their offspring may serve an adaptive 
benefit. It is possible to extrapolate how lifelong bonds can be advantageous by considering a 
hypothetical situation in which a group of wild chimpanzees comes across another group, 
there is a high chance that the encounter would likely be hostile. However, if through 
migration (or other means) each of those groups includes members that are genetically related 
to members in the other group, then the nature of the exchange may be less hostile and 
possibly tolerant enough to be egalitarian in nature, perhaps even cooperative. In extreme 
cases one can even speculate that these relationships may act as catalysts for (and to facilitate) 
groups to merge into larger ones, thus bringing together traditions and genetic diversity. One 
would expect these conditions to take place extremely rarely and kinship may only have a 
noticeable impact on the overall nature of the social interaction (i.e. where it lies on the 
egalitarian to despotic continuum1) in cases where the genetically related individuals hold a 
high status within their respective group.  
Characterized by hierarchies (Drews, 1996) social groups are often composed of 
individuals who differ in ability to prevail in a particular type of competition. Social 
hierarchies can be despotic or linear. In a despotic hierarchy, only one individual is dominant, 
while the others are all submissive. In a linear hierarchy, each individual dominates all 
                                                 
1 Coussi-Korbell and Fragaszy (2003) describe “four different features of behavioural coordination and social 
learning, which we predict will vary in accord with the type of social dynamics characteristic of the group, and 
three hypothetical types of social dynamics, from highly egalitarian to highly despotic. Egalitarian societies 
show even distributions of aggression and affiliation across dyads and symmetrical distributions between 
members of a dyad. Despotic societies are characterized by a high degree of asymmetry in the direction of 
initiated aggression and the frequency of affiliative interactions among dyads. That is, certain dyads exhibit 
primarily agonistic interactions, others exhibit primarily affiliative interactions, and within dyads, the direction 
of agonistic interactions is predictable. Intermediate societies display the asymmetries present in despotic 
societies, but less intensively and perhaps not across all unrelated dyads”, p. 1448. 
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individuals below him and not those above him. Simple linear structures often arise from the 
physical differences among individuals in a group in relation to their access to resources. 
They are also influenced by the complex social interactions among individuals in the group. 
In the current study dominance and grooming data were used to group members from 
highest to lowest in a linear fashion, however chimpanzee hierarchies are not fixed and 
depend on any number of changing factors, among them are age, gender, body size, 
intelligence, aggressiveness and a variety of social dynamics. Status may also be affected by 
the ability to marshal the support of others. Indeed, the need to maintain social position and 
social knowledge may be an impetus for the evolution of larger brains in humans and other 
animals (Cummins, 1996). 
As in the current study, data are commonly summarized in matrix form, for example 
indicating the number of aggressive and grooming behaviours initiated and received by each 
individual. Statistical analyses often seek to identify the rank order of affiliative abilities and 
to estimate relationships between ranks and covariates, such as body size or mating success. 
The nonparametric methods used in this experiment provide straightforward 
procedures for deciding among possible orderings, but they yield little information about the 
degree of certainty that one can assign to the results. A typical approach is to accept the 
ordering suggested by nonparametric or maximum likelihood analysis as being true, and then 
to measure the rank correlation with another measured quantity. This approach ignores 
uncertainty in ranks, and so can produce misleading inferences about the causes or 
consequences of dominance and grooming. For many typical data sets the nonparametric 
methods are not likely to determine the true rank order of a set of competitors unambiguously. 
Future research should therefore have some measure of the degree of credibility for a 
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particular result, to seek more limited claims about which one can be more certain, and to 
retain information on uncertainty in any further statistical analyses. 
By contrast, Bayesian analyses produce probability distributions for each inference, 
quantifying the degree of belief that can be assigned to possible parameter values (Gill, 2002 
and Gelman et al., 2004). By expressing results as probability distributions, information about 
uncertainty in dominance structure can be summarized and carried into further analyses. This 
is particularly important when sample sizes are small and uneven. 
Methods based on explicit probability models have also been developed (e.g. Leonard, 
1977; Boyd and Silk, 1983; Tufto et al., 1998) but are rarely used. Methods based on 
probability models offer a number of benefits relative to nonparametric techniques. In 
addition to inferring which estimate of ranks has the greatest support, probability-based 
models yield measures of certainty about the inferences. They also allow analysis of 
deviations between model assumptions and data, and comparison of alternative models, such 
as those assuming transitive or intransitive dominance relationships (Tufto et al. 1998).  
Among methods based on probability models, Bayesian inference offers several 
advantages. The first is that the results allow straightforward statements about the probability 
that a hypothesis is true or that a parameter lies within a particular range (Gill, 2002 and 
Congdon, 2003). A second advantage of Bayesian methods is that prior information can be 
incorporated into the analysis. For the analysis of dominance hierarchies, the inclusion of 
prior information leads to an important pragmatic advantage; namely, that the resulting 
estimates of competitive abilities are always finite (Leonard 1977). A third advantage is the 
comparative ease with which various sources of uncertainty can be incorporated accurately 
into the analysis. Bayesian methods estimate the probability distribution of parameters under 
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complex models without relying on large-sample approximations to normality (Congdon, 
2003). 
A potential disadvantage of Bayesian analysis is the need to specify prior distributions 
when little information is available for guidance. Bayesian inferences are influenced both by 
the priors and the data (Gill 2002); however, the impact of the priors declines as data 
accumulate and so key inferences are often insensitive to the choice of priors. A second 
possible disadvantage of Bayesian analysis and the reason that I did not use the method in the 
current analysis is the greater time needed for computation.  
Another limitation of my data is that by using an open diffusion approach it is not 
possible to conclusively tell whether an individual has learned a behaviour from just one other 
individual or by observing several others. Diffusion chain experiments would eliminate this 
pitfall, however the rigid linearity of a diffusion chain experiment would not be appropriate 
when exploring social dynamics of a group.  
The potential disadvantage of using nonparametric statistics is that it is always 
possible that by being conservative one can miss identifying a real difference that would have 
shown significant on a parametric test. But most of my results were very clearly significant 
and some were only borderline non-significant, so the use of such nonparametric approach is 
justified and has proven very powerful in my analyses. 
My results indicate that status-based diffusion is taking place and opportunities for 
social learning within groups of chimpanzees are influenced by the social dynamics of that 
group. The results on status based diffusion contribute to the growing literature on social 
learning by showing that social context has a direct impact on performance of learned tasks.  
Similar to within-group diffusion experiments by Whiten et al. (2005), Horner et al. 
(2006) and Bonnie et al. (2007), corruption events occurred in each group. This raised the 
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possibility that the distinction between traditions would gradually deteriorate. Instead, each 
seeded variant remained distinctly dominant in the corresponding final group, suggesting a 
conformity effect (see chapter 3 Figures 3.4 and 3.6). 
The social dynamics that regulate relationships among individuals have a direct 
bearing on the patterns of learning employed by the chimpanzees in our study. This is 
consistent with propositions by Lefebvre and Palameta (1988) and Coussi-Korbel and 
Fragaszy (1995), that the incidence of social learning directly reflects a species' social 
organization and their ecology. In order to understand when and how social learning will 
occur we need to fully appreciate the mitigating effects that social dynamics have in directing 
social learning. 
In accordance with Laland et al. (2003), Box (1984), and Coussi-Korbel and Fragaszy 
(1995), I agree that phylogenetic proximity to humans is not enough to account for 
sophisticated biological variation in other species. This chapter builds on the social learning 
literature by highlighting the implications of directed social learning on selection and the 
evolution of mind and intelligence. Work with other species such as pigeons (Heyes, 2005) 
and other birds and fish is also contributing to broaden our perspective on the processes that 
underlie transmission. 
Directed social learning occurs in many animals and may follow similar routes of 
transmission in different species. Sometimes, a high ranking individual learns some behaviour 
and then others learn from that model. Other times, a single “under-dog” innovator gives rise 
to a novel action, which is then incorporated into the behavioural repertoires of the rest of the 
group (Reader and Laland, 2003; Whiten and van Schaik 2007). The first is the result of 
imposed status and the second (knowledge based) example involves conferred status. 
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Further exploration of the roles of prestige, sexual partnerships, learning from older 
individual, learning from friends, and the many other potential learning strategies, will allow 
us to develop a thorough picture of the lines along which chimpanzees learn, whom they learn 
from and how they successfully maintain and pass on traditions. This line of inquiry will help 
build bigger maps of “who learns from whom”, “who learns what and when”, and which 
particular members of a social group may make the most effective models and learners.  
 
 
 
 
 
 
 
 
CHAPTER 5 
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CHAPTER 5 - HIERARCHICAL COPYING BY HUMAN CHILDREN (Homo sapiens)  
 
5.1 Abstract  
This chapter aims to provide the first directly comparative account of hierarchical 
imitation in children and chimpanzees. I will provide a review of existing evidence in support 
of hierarchically structured behaviour and show that a hierarchical strategy may provide an 
adaptive advantage by supporting the mastery and combination of complex behaviour. Child 
data in the current study are collected using the same experimental task that was used in the 
analysis of hierarchical imitation in young chimpanzees.  
Results demonstrated that, like chimpanzees, preschool children imitate hierarchical 
structure (U = 0, p < 0.001) but children do it with much greater fidelity than chimpanzees 
(respectively removing 95% and 74% of the defences during the first trial). Both species 
express selective sequential copying and both showed a decrease in unnecessary action over 
time. It was concluded that hierarchical organization of behaviour is an integral part of ape 
intelligence. 
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5.2 Introduction 
One of the key features of intelligent behaviour is the ordering of individual actions 
into coherent, seemingly rational patterns (Byrne and Russon, 1998). From the early 1950s 
until the mid 1980s, the most popular theories explaining intelligent behaviour held that 
internal hierarchical and sequential structures underlie ordered expression (e.g. Lashley, 1951; 
Tinbergen, 1951; Piaget, 1954; Hull, 1943; Dawkins, 1976; McGonigle and Chalmers, 1996). 
In the last two decades support for a more dynamic theory of intelligence (review in Port and 
van Gelder, 1995) has gained ground. This new theory holds that intelligence is actually made 
up of a large number of small processes operating in parallel. Several commentators in this 
new paradigm have claimed that behaviour controlled only by hierarchical programs is 
inflexible and incapable of reacting quickly and opportunistically to environmental change 
(Hendriks-Jansen, 1996; Goldfield, 1995; Maes 1991). They suggest that the apparent 
hierarchical organization of behaviour is not the result of internal structured control rather 
only an inadequate model imposed on a far more complex dynamic process. Truths can likely 
be derived from both hierarchical and dynamic theories; nevertheless, the scope of this 
chapter will be to present a comparative study of social learning about hierarchical 
organization of behaviour by chimpanzees and human children.  
 
5.2.1 Hierarchical theory of behaviour 
Strong arguments have been made proposing that there is some structure or plan to 
much animal behaviour. Such structures simplify the problem of choosing the next act by 
reducing the number of options that need to be evaluated. A hierarchical strategy converts 
perceptions and intentions into a plan (a sequential or partial ordering of behaviours which 
will attain the intended goal). The term “plan” in this context does not infer intentionality and 
it does not refer to the conventional meaning of “planning”. Instead, it refers to a sort of 
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blueprint for action. Whether this blueprint is a result of an immediate creative process, past 
experience or instinct is a related, but separate issue; assuming a hierarchical model, then 
some plans may be of different origins than others. A plan is considered hierarchical if its 
elements might in turn be plans. For example, if a cat is hungry, it might go to the kitchen and 
scratch its bowl. Going to the kitchen would necessitate finding a path through the house, 
which involves moving through a series of locations. Moving between locations in turn 
requires a series of motor actions. At a physical level, the theory of hierarchical control 
suggests that the mechanisms responsible for fine muscle control involved in the cat’s 
walking are not the same as those responsible for choosing its path to the kitchen, and these in 
turn are not necessarily the concern of the system that determined going to the kitchen in the 
first place. A plan is sequential to the extent that its elements deterministically follow each 
other in a fixed order, for example the order in which a cats’ paws are raised and advanced 
while it moves. 
The author has traced the hierarchical theory of behavioural organization in animals 
and humans to the ethologist Morgan McDougall (1923), who presented a theory of the 
hierarchy of instincts. Ethological theory during the 1920s was dominated by Konrad Lorenz, 
who “denied the existence of superimposed mechanisms controlling the elements of groups” 
suggesting instead that “the occurrence of a particular activity was only dependent on the 
external stimulation and on the threshold for release of that activity.” (Baerends, 1976, p. 726 
cited in Hendriks-Jansen, 1996, pp. 233–234). This theory persisted until Karl S. Lashley 
(1951) reintroduced the idea of hierarchical organization of behaviour. Lashley (1951) argued 
that there could be no alternative explanation (to hierarchy) for the speed of some action 
sequences, for example those involved in human speech or the motions of the fingers on a 
musical instrument. Neural processes are too slow to allow elements of such sequences to be 
independently triggered in response to one another. Lashley maintained that all the elements 
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of such a sequence must be simultaneously activated by a separate process (the definition of 
hierarchical organization). Lashley’s argument was taken up and extended by Richard 
Dawkins (1976), who further suggested that hierarchical theories of control are highly 
parsimonious. Dawkins (1976) maintains that it is more likely that a complex action sequence 
that is useful in multiple situations should be evolved or learned a single time and that it is 
also more efficient to store a single instance of such a skill.  
From roughly the time of Lashley’s analysis, hierarchical models have led the way in 
attempts to model intelligence. Particularly notable are the models of Nikolaas Tinbergen 
(1951) and Clark C. Hull (1943) in ethology, Noam Chomsky (1957) in linguistics, and Allen 
Newell and Herbert A. Simon (1972) in human problem solving. Mainstream psychology has 
been less concerned with creating specific models of behaviour control, but generally assumes 
hierarchical organization as either an implicit or explicit consequence of goal directed or 
cognitive theories of behaviour (Bruner 1982). Staged theories of development and learning 
are also hierarchical when they describe complex skills being composed of simpler, 
previously-developed ones (Piaget, 1954; Karmiloff-Smith, 1992; Greenfield 1991). 
 
5.2.2 Dynamic theory of behaviour 
The competing, more recent dynamic theory of cognition rejects the notion that 
responsive animal intelligence is governed only by hierarchical control (van Gelder 1998). 
The theory of dynamic action expression suggests that complex dynamic or disorganized 
systems operate within the brain producing the next behaviour not by selecting an element of 
a plan, but rather as an emergent consequence of many parallel processes (e.g. McClelland 
and Rumelhart, 1988; Hendriks-Jansen, 1996).  
Evidence supporting the earlier hypothesis of structured hierarchical behaviour is seen 
by dynamic theorists to have been biased by the hierarchical and sequential nature of human 
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thought and language. In particular, because much theoretical work in psychology is 
conducted using computer models, theories may be biased towards the workings and 
languages of the serial processors of the machines available to most psychologists (Brooks 
1991). 
Proponents of dynamic theories of intelligence argue that they better explain the fact 
that errors are made in sequencing of even familiar tasks (Norman, 1998; Henson 1996). 
More importantly, dynamic theories allow for new information to constantly influence the 
course of actions. Thus if the cat described earlier on its way to the kitchen happens to pass a 
dropped cat-biscuit, the action “eat biscuit” should override “go to kitchen”. 
From a materialist perspective, intelligence is thought to parallel the operation of the 
body’s neural and endocrine systems (see Figure 5.1 for a graphic representation of 
hierarchically organized behaviour).  
The arguments of Lashley and Dawkins are still being revisited (Houghton and 
Hartley 1995, Nelson 1993). Is behavioural order purely apparent, or does it emerge in the 
brain prior to the external expression of behaviour? This chapter explores the possibility that 
at least some of the apparently hierarchically ordered behaviours observed in great apes are in 
fact determined by hierarchical control structures. Although it is nearly as well accepted that 
human and animal behaviour can be described as hierarchically ordered (Dawkins 1976, 
Greenfield 1991, Byrne and Russon 1998), little experimental evidence exists in support of 
the hierarchical theory of behaviour. 
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Figure 5.1 - Graphic representation of how behaviour may parallel the neural structure in its 
hierarchical organization. In this example the intended goal is to “hunt for monkeys”. While 
there may be several competing primary goals (represented in red shades), such as copulation, 
avoidance of predators and so on, the plan “hunt for monkeys” requires progression through a 
number of other main sub-goals (in large blue font), such as rallying the support of peers and 
locating the monkeys. During their search the group may temporarily divert attention in order 
to achieve other goals (in small orange font) such as to retrieve cached nuts, obtain the tools 
necessary to crack them open and have a snack before returning attention to the main goal and 
continuing the search; sub-goals, like this one, may be repeated during the hunt, i.e. 
progression of main plan need not be exclusively linear. When the monkeys are located, the 
chimpanzees may fulfill concurrent sub-goals such as communicating with peers (in purple), 
targeting specific monkeys, mapping the location of each monkey and various other actions 
required to make the hunt successful (in green). The monkeys are then pursued, disabled so 
they do not bite and finally eaten. 
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5.2.3 Determining hierarchy from fidelity of copying behaviour 
Measuring what features of an act human children and chimpanzees do in fact copy, 
can help shed light on the structuring of behaviour. The study of imitative behaviour can help 
us establish whether behaviour is organized in a hierarchical system. Although imitated 
behaviours can never be an exact replica of an original, we can conceive of there being a 
range of fidelity. A lot of work goes into looking at "how much" is copied, such as whether 
the individual learns some elements of the task, whether the model simply draws another's 
attention to parts of the environment (stimulus enhancement) and whether there is insight or 
just learning from trial and error (individual learning).   
Empirical demonstration of sequential copying (copying the order of actions) in 
children was not confirmed until just under a decade ago (Brown, 1996; Call and Thomasello, 
1995; Bauer, Hertsgaard, Dropnik, and Daly, 1998). Some of this work also explored the 
possibility that in addition to copying the sequential structure of actions, children also copied 
the hierarchical structure (i.e. that the imitator is able “to recognize sub-goals that 
hierarchically structure the overall action” (Whiten, 2002)). To this end, studies have looked 
at various features of what Byrne and Russon (1998) described as a mental program that a 
subject is able to extract when imitating a model. Byrne and Russon (1998) argue that, for 
humans and animals, copying subtle details (i.e. imitation at the action level) of demonstrated 
actions may often not be necessary. Instead they proposed a specific and more flexible 
approach they termed program level imitation.  
Program level imitation involves the replication of an overall arrangement of actions, 
specifically the planning and sequencing of actions.  According to Byrne and Russon (1998), 
the learning of a new pattern of behavioral parts qualifies as novelty.  As an example, they 
suggest the gorillas’ capacity to learn a specific eating pattern by watching and imitating steps 
throughout a hierarchy, and in each step matching up to a specific goal.   
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Byrne and Russon (1998) argue that three apparently different phenomena can be 
explained by a single theoretical mechanism, observational priming. When priming “operates 
on records of stimuli in the immediate environment, responses in the individual's repertoire, 
and goals which it might choose, the result can look very like imitation indeed” (Byrne and 
Russon, 1998, p. 670).  Byrne and Russon (1998) indicate that conceptualization of a 
hierarchical problem allows for imitation to occur on various levels.  At the same time, they 
propose that individual learning may account for specific details of how to achieve each sub-
goal, and that reproduction of the overall structure is the result of imitation.  In agreement 
with the framework of Byrne and Russon (1998), Tomasello (1999) suggests that imitators 
recognize the goals of observed actions and intentions of the demonstrator. 
 
5.2.4 Hierarchically organized artificial fruits 
One way of identifying hierarchical copying has been the “two-action” method. As 
described in each successive chapter of this dissertation, using artificial fruits makes for a 
robust scientific approach to determining what kind of imitation is actually taking place.   
Child studies using Whiten's keyway fruit showed little purely sequential, chainlike 
copying, while the hierarchical structure was more likely to be replicated (Whiten et al. 2006). 
Another study, conducted with chimpanzees, followed the same paradigm as the key-way 
study, but used a “Hierarchically-organized Artificial Fruit” (HAF) in place of the key-way 
(Marshall, 2005). I am going to describe this “fruit” because it is the same one that was used 
in the current study.  
The HAF is a rectangular box divided into 3 compartments. Each compartment has 
embedded within it 4 layers of subroutines. It was designed so that either of 2 different 
hierarchically organized sequences of action can be demonstrated.  In method “rows”, the 
columns are nested within rows, and in method “columns” rows are nested within columns.   
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Both methods were hierarchical, but the subroutines were designed to look at whether the 
precise sequence is also copied (the apparatus is described in further detail below). 
Results of Marshall (2005) showed that chimpanzees expressed some copying at the 
hierarchical level but it was poor, that is, the hierarchical structure was only roughly imitated. 
In that there was cumulative experience and selective copying by the chimps, the results lend 
some support to the “string parsing” theory of Byrne (2003). It was also demonstrated that, 
much like in children, hierarchically organized behaviour and a capacity to copy it occurs 
after about three and a half years of age in chimpanzees. The reason that hierarchical 
structuring is useful in every day functioning is because it may provide an organizational 
schema for solving tasks quickly and economically.  
The present experiment was designed to make up for the absence of procedurally 
comparable cross-species studies into hierarchical social learning between humans and great 
apes. The aim of the experiment was to determine whether human children imitate 
hierarchical structure in actions, in a task already used with young chimpanzees. The methods 
used by Marshall (2005, described below) were closely replicated because (a) they are 
appropriate to disambiguate between KINDS of imitation when examining hierarchical 
copying in human children, and (b) it is crucial to use analogous methodology when 
conducting truly comparative research. 
This study is crucial to clarifying how the modern day human cognitive architecture of 
imitative social learning came to evolve the way it did, through establishing whether human 
children make use of similar underlying mechanisms to those used by our close relative, the 
chimpanzee, when copying the behaviour of a model. 
Results should contribute to our understanding of imitation processes in young 
children and chimpanzees. In so far as it replicates previous findings using different tasks not 
presented to chimpanzees (Whiten et al. 2006), this experiment should further assess whether 
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copying behaviour is organized in a hierarchical way. Although a handful of studies have 
explored hierarchical imitation in social learning processes in both humans (Whiten, 2002a, 
2002b; Whiten et al. 2006) and chimpanzees (Marshall, 2005), there is to date no 
methodologically analogous experimental data that allows for a direct comparison of the two 
species. Marshall (2005) demonstrated only relatively poor hierarchical copying in 
chimpanzees.  
 
5.2.5 HAF study with chimpanzees 
In an experiment using the HAF, Marshall (2005) explored for the first time in ape 
literature whether young chimpanzees would copy the sequential or hierarchical organization 
of behaviour. Sixteen juvenile non-enculturated chimpanzees (ranging from 1.8 to 8 years of 
age) received individual demonstrations of either the “row-wise” or “column-wise” methods 
for extracting a banana reward out of the HAF. Over a period of two consecutive days, each 
chimpanzee saw a human experimenter gain a food reward over 20 times. During these 
demonstrations the observing chimpanzee was allowed to touch the apparatus but not 
permitted to interact with it. Subsequently, each chimpanzee was tested individually over 6 
trials. Results showed that participants were successful at disabling 73 and 78% of the HAF’s 
defenses on the first 3 trials and the last 3 trial respectively. There was a decrease in 
unnecessary repetition of actions on both bolts and trap doors in the last 3 trials. Chimpanzees 
had the most difficulty with the last step, which required them to stick a finger in a hole and 
turn a knurled wheel several times in one direction. Younger chimpanzees appeared slower at 
solving the task but, eventually, they were still capable of solving it..  
It was concluded that repeat demonstrations allow naïve participants to discern the 
statistical regularities within the task. This fits nicely with Byrne et al.’s (2001) string parsing 
theory. Further support for the string parsing was demonstrated in that matching of observed 
 182
behaviour was found on one of two possible component actions. Overall, chimpanzees over 
the age of 3 years old matched the observed model’s hierarchically structured behaviour. This 
was the first study to show ontogeny of social learning in chimpanzees, and an ability to 
imitate the hierarchical structure of a complex sequence of actions. 
 
5.2.6 Studies with Children 
Children have a tendency to spontaneously copy a model when they perceive that he 
or she is trying to teach them something (Gergely and Csibra, 2005; Gergely and Csibra, 
2006). They are also known to copy specific means by which a task is solved when they are 
unclear about the model’s goal (Carpenter et al., 2002; Williamson and Markman, 2006), 
when they can tell that the demonstrated method is the most logical approach (Gergely, 
Bekkering, & Király, 2002) and when the means appear to be intentional (Carpenter et al., 
1998; Carpenter et al., 2005; Meltzoff, 1995).  In order to learn about aspects of causality that 
are initially unclear to them (Lyons, Young, & Keil, 2007), children have been found to copy 
the method demonstrated by an adult even when more effective methods were available- this 
has also been interpreted as an attempt to share experience with the adults (Carpenter, 2006; 
Nielsen, 2006; Nielsen, 2008).  
In a series of experiments using the Key-way artificial fruit, Whiten et al. (1999), 
Whiten, Flynn, Brown, & Lee, (2006) and Flynn and Whiten (2008) employed a complex 
multi-action paradigm to provide the first experimental inquiry on whether children would 
spontaneously perceive and imitate hierarchical structure in action. The Key-way task they 
used was a clear box with a lid fitted to it in the style of a shoe box and held in place by rods 
that passed though both the box and the lid. The task required up to 12 actions to remove a 
reward from inside (Whiten, Flynn, Brown, & Lee, 2006). The order by which actions can be 
completed varies dramatically, but in each of the Key-way studies children witnessed just one 
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of two very different, hierarchically structured demonstrations: “rows” and “columns” 
(similar to that described above). The specific “action styles” (Hobson & Lee, 1999) that 
naïve individuals saw also differed according to the method demonstrated:  i.e. action details 
used to manipulate the tools involved either tapping or twisting. Neither the specific 
hierarchical structure nor the action style was functionally essential to solve the task. 
Furthermore, the methods demonstrated were just two of the numerous methods (Flynn and 
Whiten, 2008, describe more than 333 possibilities) that could lead to a solution. The first of 
the studies determined that children can socially learn hierarchical procedures by detecting 
statistical regularities (i.e. by extracting program-level knowledge; Whiten, 1999). Whiten et 
al. (2006) further substantiated that 3 year old children can “discern a hierarchical plan 
embodied in an action sequence and will tend spontaneously to copy it” (Whiten et al. 2006, 
p. 580). 
In a more recent experiment Flynn and Whiten (2008) used video demonstrations 
played on a laptop computer showing only the model’s hands operating the Key-way. 
Children did not copy only means rather than goals and they did not blindly mimic the 
model’s actions. Instead, they were able to recognize the overall structure of the task. They 
even incorporated steps that were missing during the demonstration into their hierarchically 
organized actions. Action detail was less prevalent than the imitation of hierarchical 
information.  
In studies using video compared with live demonstrations, there is a diminished 
opportunity for social interaction, nonetheless children were still able to learn from the video 
demonstrations. This suggests that children do not copy exclusively for social reasons. 
However, a reduction in opportunity for social interaction can lead to a reduction in fidelity of 
reproduction (Flynn and Whiten, 2008). When extrapolating information from the video 
demonstrations children need to recognize the goal of the model based on the model’s hands 
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only, which could lead to perceptual and representational difficulties (Troseth and DeLoache, 
1998; Barr and Hayne, 1999; Schmitt and Anderson, 2002; DeLoache, 2004; Suddendorf et 
al. 2007). Unlike in Whiten et al. (2006) children in the Flynn and Whiten (2008) study 
received two demonstrations before they attempted the task. Flynn and Whiten (2008) argued 
that more experience (perhaps through repeated demonstrations) with the task facilitates 
performance for 3 year old children. It was concluded that “young children tend to focus on 
and implement information about hierarchical organization more than they do information 
about specific actions when watching someone undertake a complex tool use task on video” 
(Flynn and Whiten, 2008, p. 239) 
 
5.2.7 Predictions 
The experiment described in this chapter tested whether human children using the 
HAF would replicate actions more faithfully than chimpanzees. It was predicted that 
preschool children would imitate hierarchical structure better than chimpanzees, and fidelity 
for this will be higher than for chimpanzees (Whiten et al. 2006). That is, human children 
were expected to replicate the hierarchical structure of actions employed by the demonstrator 
more closely than chimpanzees. 
 
5.3 Method 
5.3.1 Participants 
Thirty normal 4 year old1 (16 male and 14 female) children were recruited from three 
nurseries across Fife - Townhill Primary School, Bellyeoman Primary School and Dunino 
Primary School. The children, ranging in age from 3 years old to 5 years old (with a mean age 
of 4.7 years) were assigned in a random manner to one of 3 conditions (10 ‘ROWS’, 10 
                                                 
1 This is consistent with  the ‘keyway’ studies carried out by Whiten (2002), Whiten et al., 2006 and 
Flynn and Whiten (2008) 
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‘COLUMNS’ and 10 ‘CONTROLS’). Each child was tested in a familiar environment in a 
section within their own classroom, separated by a partition board to prevent other pupils 
from being able to see. Each student was rewarded with a sticker of their choice after each 
trial. Individuals who did not want to participate were not pressured and were awarded a 
sticker anyway.  
The details of the study were explained to the teachers involved (see Appendix A5.2), 
and written parental agreement (see Appendix A5.3) was obtained following an explanatory 
letter and a meeting with the staff and administration. Approval of Disclosure Scotland and 
the Local Education Authority was granted for this research. 
 
5.3.2 Aim 
This study considers the role of perception of structural aspects of the actions 
witnessed in an attempt to establish a direct, experimentally equivalent, human-chimpanzee 
comparison regarding social learning of hierarchically organized artificial “foraging” 
behaviour.  
 
5.3.3 The HAF task apparatus 
The sessions were recorded using a Sony Handycam HC14E digital camera and DV 
tapes for later analysis.  
The “Hierarchically-structured Artificial Fruit” (HAF; see Figure 5.2) is a rectangular 
shaped box designed to be valid in comparative work with children and primates. The 
rationale for designing this task corresponded to the same shelling sequence one would come 
upon when peeling through an actual fruit, going through each layer until you get to the juicy 
bits inside. These types of devices are commonly known as ‘artificial fruits’ (Whiten 1998b). 
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The goal of all tasks was to obtain an attractive reward. Encouragement to copy the 
actions of the behaviour was not given; instead the child was simply told to “watch what 
happens” (see HAF protocol in Appendix A5.1): my main interest was spontaneous 
acquisition. 
The ‘fruit’ was sectioned into three compartments (A, B, C). Each compartment 
presented the participant with four layered tasks (subroutine/layers: 1, 2, 3 and 4), see Figure 
5.2. A bolt had to be either pushed or pulled in order to allow lifting of a hinged lid, thus 
exposing the third layer, in which a door could be slid in one of two directions. This in turn 
revealed the fourth and final step which presented a vertically-mounted knurled-wheel that 
had to be rotated in a specific direction a number of times before it stopped, see Figure 5.2.  
Once all three sections of the box were successfully manipulated, a reward (sticker for 
children instead of food used for chimpanzees) was revealed. Thus there were a total of 
twelve elements: four (1, 2, 3, 4) tasks in each of three (A, B, C) components.  
For ROW and COLUMN groups, each participant saw an experimenter opening the 
HAF using the method appropriate to the group to which the participant was allocated (ROW: 
all of layer 1 before 2, etc. COLUMN: all actions of A before B, etc.). Interactions with the 
HAF during the demonstration were not allowed. Controls were presented the task without 
the benefit of a model. 
The apparatus was concealed from participants behind a wooden panel during re-
baiting. The reward consisted of a sticker, of the child’s preference, which was placed inside 
of a “Kinder” egg and locked inside the HAF. The HAF was designed so that one of two 
different hierarchically-organized sequences of action can be demonstrated; either Method 
“ROWS” in which the same subroutine is carried out for each compartment before moving on 
to the next subroutine (i.e. sequence 1A, 1B, 1C; 2A, 2B, 2C; 3A, 3B, 3C; 4A, 4B, 4C) or 
Method “COLUMNS” in which all subroutines for each columnar compartment are competed 
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before moving onto the next compartment (i.e. sequence 1A, 2A, 3A, 4A; 1B, 2B, 3B, 4B; 
1C, 2C, 3C, 4C). Both methods are ‘hierarchical’ in that the elements of one level are 
completed before those of the next level are tackled. Note, however, that there are numerous 
different routes through the 12 elements of the task, which participants could in principle 
follow. 
In addition, the elements of both Subroutines 1 and 3 were designed so they can be 
demonstrated in one of two different ways. In layer 1 bolts can be either pulled and twisted 
out, or poked out. In layer 3, the door can be slid in one of two directions. Finally the rotating 
action in level 4 must be iterated until the wheel reaches its natural stopping point. Thus the 
design of the HAF affords ‘two actions’ demonstrations (and potential imitation) at either (or 
both of) the level of the overall hierarchical structure, or the elements that make it up. 
 
5.3.4 Procedure 
The experimenter spent 30 minutes playing with all the children in the nursery and 
interacting with them so as to get them habituated to his presence. Each child was then asked 
by one of the teachers if they wanted to come to a quiet area to play with the puzzle box.  
Each child was told that there were going to be stickers put inside a puzzle-box for 
them to retrieve and that the experimenter was going to show them how to access them. The 
child was asked to stand near the box and “watch what happens” (see HAF protocol in A5.1). 
The experimenter then demonstrated either the ROW method or the COLUMN method (see 
Figures 5.2 and 5.3 for schematic representation or row-wise versus column-wise structures). 
After the demonstration was complete, the child was asked to wait while the box was re-
baited.  They were given a second demonstration and then asked if they would like to try and 
retrieve the sticker for themselves. Once the child had received one attempt at opening the  
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Figure 5.2 - The Hierarchically-Organized Artificial Fruit (HAF). C1, C2 and C3 show the 
columns. Each layer is labeled accordingly. 
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puzzle box they were told that they would be shown another demonstration and then they 
could have yet another go. 
Once each child had completed the task they were thanked and taken back to the rest 
of the group by either the experimenter or one of the teachers. In cases where the child 
showed prolonged hesitation and trouble in completing the task, they were given a 
supplementary demonstration and then given another chance. In cases where the trouble 
involved hardware difficulties with some parts of the apparatus (e.g. stiff bolts, jams, etc.), the 
experimenter simply helped the child dislodge the bolts or turn the jammed wheel. Despite 
parental approval, 3 children preferred not to participate and they were not pressured into 
doing so. All children were awarded the same number of stickers regardless of level of 
success. Each session lasted less than ten minutes. 
Each time that a bodily part came into contact with the HAF and then separated from 
it, a distinct action was coded. Attempts that required experimenter assistance to complete 
were still included in the analysis in so far as they could be easily allocated to one of the 
following categories; 1) Pull Bolt, in which the participant grips and pulls the bolts towards 
his/her body, with or without twisting, 2) in Push Bolt the participant pushes the bolts away 
from him/herself, 3) Pull Slide Door is when the participant uses fingers to pull the slide door 
towards his/her body, and 4) in Push Slide Door the participant uses fingers to push slide door 
away from his/her body (this is the same list of actions that was used to code the behaviours 
of chimpanzees (Marshall, 2005)). 
Hierarchical structure was determined by charting the sequence in which the defenses 
were dealt with (‘ROW’ versus ‘COLUMN’ transitions). There were two trials and for each 
of these I calculated the % of row-wise versus column-wise transitions over the sum of 
transitions during that particular trial. 
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Figure 5.3 - Schematic representation of the row-wise versus column-wise hierarchical 
structures demonstrated to the participants. Reproduced from Marshall (2005). 
 
BOLTS 1A 1B 1C
2A 2B 2C
3A 3B 3C
4A 4B 4C
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2A 2B 2C
3A 3B 3C
4A 4B 4C
LIDS
SLIDE DOORS 
WHEELS 
ROW-wise  COLUMN-wise  
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Research with children has suggested that when examining hierarchical copying, 
testing for sequential copying may be unnecessary (Whiten, 2005). Nonetheless, if earlier 
results are replicated then it may help further reaffirm that future experiments need not 
include this element in their analysis of hierarchy.  
Coding. Actions performed by participants were considered separate when their hands 
came into contact with the HAF and were then separated from it before a new or the same 
action occurred. Failed attempts were recorded when the action could easily be classified to 
one of the following four categories: 1) Pull bolt actions required the participant to grip and 
pull the bolt towards their body, with or without twisting, 2) Push bolt actions required the 
participant to push the bolt away from their body using a finger or any part of their hand, 3) 
Pull slide door involved the use of a finger to pull the slide door towards their body, and 4) 
Push slide door required the participant to push the slide door away from their body using 
their hands or fingers. 
For each trial, I calculated the percentage of pull bolt (over pull + push actions) and 
pull slide door (over pull + push actions). 
To determine the whether participants copied the sequential structure, each individual 
observed a model removing the defenses either from right to left or from left to right. A 
record was made of whether participants’ first transition between actions matched that of the 
model on each trial. 
To determine whether participants replicated the hierarchical structure (row versus 
column) I charted the sequence in which the defenses were successfully tackled. For each 
trial, I calculated the percentage of row-wise versus column-wise transition steps (over the 
number of total transitions they made  during that particular trial). 
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Statistics. Due to the small sample size, the non-parametric Mann Whitney U 
statistical test was used to determine the presence, or absence, of statistically significant 
differences between groups. The Wilcoxon tests were used when comparison were made 
across trials. Values reported are 2-Taïled levels of significance. The data were both interval 
and normally distributed, therefore the Pearson r correlation statistic was used to determine 
relationships between actions watched and actions performed. 
 
5.4 Results 
Children in the control condition had not seen a model opening the HAF and although 
each of them explored it extensively (for between 2 and 8 minutes, with mean duration of 5 
minutes) both visually and tactically, observing and analyzing from each direction, not one 
participant managed to disable its defenses. Control participants had each been encouraged to 
interact with the HAF, however only four of them performed enough successive actions that 
these could be coded as row or column moves. One child made one row move; another made 
two row moves and two other participants made three row moves. None of the participants 
made any column moves and showed almost no hierarchical structure. Statistical comparison 
of control groups to experimental groups is not appropriate in this case because the controls 
are so different from the experimental participants in the number of moves made. 
By stark contrast, participant in experimental conditions were highly successful at 
disabling all the HAF’s defenses from the first trial and their actions were organized in a 
hierarchical way. Five individuals switched their approach within a trial by alternating 
between row-wise and column-wise steps. The other fifteen participants were very consistent 
in their use of either a row-wise or column-wise method and showed no corruption in either 
trial.  
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5.4.1 Success in removal of defenses 
On average participants removed 95.2% of defenses in trial 1 compared to 100% on 
the second trial. In the case of specific components, participants removed 100% of the bolts in 
trial 1 and 100% on the second trial. The slide doors were opened 100% of the time in the 
first trial and 100% on the second attempt. When combining all measures, there was no 
significant improvement in the number of defenses removed in the second trial compared to 
the first trial (All defenses: z = 1.000 p = 0.317; Bolt: z = 1.000, p = 0.317; Trap door: z = 
1.000, p = 0.317). Additionally, there was a significant decrease in unnecessary actions 
performed during trial 2 as compared to the first attempt.  The total number of actions (pull 
and push) carried out both on the bolts and on the slide door were significantly higher in the 
first trial than trial 2 (Median for bolts 8 and 6.5 respectively: z = 2.646, p = 0.008; Median 
for Trap doors 8 and 7 respectively: z = 3.072, p = 0.002) (Figure 5.4).  
In contrast to the chimpanzee subjects in Marshall (2005), childrens’ success rate in 
obtaining rewards independently was very good. Seventeen out of a total of 20 participants 
successfully obtained the reward unaided. Like the chimpanzees in Marshall (2005), the 
difficulty experienced by 3 of my participants lay in the children’s inexperience in rolling the 
wheel in the right direction for long enough to successfully release the catch holding the food 
tray in the closed position. In general, participants would start rolling the knurled wheel in 
one direction but would not continue until completion of the required turns; then they would 
often start rolling in the opposite direction, thereby closing the mechanism again. Rolling the 
wheel was the one step of the task that both human and chimpanzee participants found most 
difficult to master. It is notable that human participants had trouble on the second trial but not 
on the first; they rolled the wheel 100% of the time during the first trial and 85% of the time 
on the second trial. Attempts carried out by participants during this step were recorded even if 
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not completely successful (when unsuccessful, this part of the task was completed by the 
experimenter). 
An analysis of age effects in the success rate of removal of defenses by participants in 
the case of children is not possible because participants were all of similar age (Mean age 4.7 
years old). It is therefore not possible to make a comparison with the age effects observed in 
chimpanzees by Marshall (2005).  
 
5.4.2 Behavioural matching 
 There was a significant difference found between the participants who had seen the 
model remove the bolts by pushing versus pulling in the first trial (Median pushing behaviour 
for push group versus pull group 67% and 0% respectively; U = 13.5, p = 0.008) and the 
second trial (Median pushing behaviour for push group versus pull group 100% and 0% 
respectively; U = 10.5, p = 0.003) (Figure 5.4). 
No significant difference was found on the actions involving the slide door in the first 
trial (Median pushing behaviour for push group versus pull group 33% versus 100%; U = 
31.5, p = 0.165). During the second trial Marshall (2005) found a significant difference 
between chimpanzees in the group who had seen it being pushed away from the model, 
however in the case of my child participants the difference was not significant (Median 
pushing behaviour for push group versus pull group 66.5% versus 83%; U = 49.5, p = 0.971).
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Figure 5.4 - Median score for actions (push + pull) on bolts and on sliding trap door in trials 1 
and 2. 
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The tendency to produce the observed hierarchy was analyzed using the participant’s 
successful actions, since a degree of success on at least the first components was necessary 
before strategic choices of ‘row’ versus ‘column’ could be made. Conducting separate 
analysis of row and column methods would lack statistical independence, because children's 
progress through the task was highly classifiable as either row-wise or column-wise. 
Statistical analysis was thus carried out for percentage of row transition over all transitions. 
Participants are not obliged to perform the task in a hierarchical way and can perform 
diagonal transitions as well as row-wise and column-wise ones.  
A highly significant difference was found in the hierarchical pattern being used by 
participants who had observed row versus column for the first trial (Median row transitions 
for ‘row group’ 100 versus ‘column group’ 0: U = 0.000, p = < 0.001) (Figure 5.5). The 
second trial was also statistically significant (Median row transitions for ‘row group’ 100 
versus ‘column group’ 0: U = 0.000, p = < 0.001) (Figure 5.5). Thus participants in the group 
who had witnessed ‘row’ demonstrations carried out a significantly greater percentage of row 
transitions than the group who had seen columns. Children showed a high tendency to 
replicate the hierarchy of the approach they had observed. As previously indicated, statistical 
comparisons with participants in the control condition were not appropriate in this case. 
Comparison was made between the first and second trials in each group. A significant 
difference was found in the percentage of row transitions (over column + row) being carried 
out by either group (Median % row transitions for ‘row group’ in the first trial 100 versus the 
second trial 0: U = 0.000, p = < 0.001) (see Figure 5.6). Marshall (2005) suggested that, in 
chimpanzees, the learning process applied to hierarchical structure occurred throughout the 
trials in a relatively gradual manner. In the case of child participants in this study, the 
hierarchical structure was apparently replicated right from the first trial. Comparison with 
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Figure 5.5 - Median bolt pushing behaviour for ‘push group’ versus ‘pull group’. 
 
 198
control was again not appropriate.  
Accuracy in reproducing the observed sequence was determined by looking at whether 
children had followed the direction (left or right) that they had witnessed during the 
demonstration. Accordingly, I analyzed each participant’s first successful move in either 
direction. As in the case of hierarchical structure, trials 1 and 2 were analyzed separately. 
Percentage of right starts (over all starts, including when participants started with the middle 
unit) were compared between the group that had seen a ‘right start’ versus the group seeing a 
‘left start’. 
Overall, participants did not begin with the sequence demonstrated by the model in the 
first trial (Median % right start for ‘right group’ 0 versus ‘left group’ 0: U = 30.0, p = 0.143). 
Similarly, in the second trial, participants did not replicate the sequence demonstrated to them 
by the model (Median % right start for ‘right group’ 100 versus ‘left group’ 0: U = 35.0, p = 
0.280). This suggests that, although children showed a bias to advance from left to right, there 
was no learning of the precise sequential process that was demonstrated by the model, i.e. 
right to left moves were not significantly higher for those who had watched right to left than 
those who watched left to right in either trial. 
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Figure 5.6 - Mean Percentage of ROW transitions being made in trials 1 and 2 
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5.5 Discussion 
Using the robust two-action paradigm, this study tested for imitation of hierarchical 
structure in action in four-year-old children. This was done using the same experimental 
procedures that Marshall (2005) used to explore hierarchical imitation in chimpanzees. In 
using the same approach as Marshall (2005), one can make a direct comparison between the 
way that humans and chimpanzees organize behaviour in memory and later recall and 
replicate it.  
Child participants were highly successful at solving the HAF in the same hierarchical 
method that they had observed, removing 95.2% of the defenses unaided right from the first 
trial. Chimpanzees in Marshall’s (2005) experiment also found it easy to disable the HAF 
however, having removed 74% of defenses in the early trials, they did not do as well as the 
children. On repeat trials children also outperformed chimpanzees, removing 100% and 78% 
respectively. Although no improvement was seen between early and later trials with 
chimpanzees (Marshall, 2005) or children, both species became more efficient at solving the 
task over time. The increased efficacy was evident in a decrease in performance of 
unnecessary actions during later attempt as compared to early trials (see Figure 5.7).   
While chimpanzees (Marshall, 2005) often required help completing some actions, 
child participants were highly successful in obtaining the reward unaided. Whereas 13 out of 
a total of 16 chimpanzees required assistance, only 3 out of a total of 20 child participants 
needed help completing some components. Like the chimpanzees in Marshall (2005), the 
difficulty experienced by 3 of my participants lay in their ineptitude with rolling the wheel in 
the right direction for long enough to successfully unlatch the food tray and allow access to 
the reward. This difficulty is attributed primarily to a flaw in the design of the apparatus (this 
part was too difficult for the age group) and is not indicative of participant capability. The fact 
that the wheel can be rolled in both directions means that participants  
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Figure 5.7 - Median score for actions (push + pull) on bolts and on sliding trap door in early 
trials and later trials for human children (left graph) as compared to chimpanzees (right 
graph). 
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often find themselves performing the behaviour in both directions and, without the ability to 
observe the inner mechanisms of the task (the HAF is opaque), they can not appreciate the 
need to roll the wheel in the direction that would release the latch holding the food tray shut. 
Marshall (2005) described that chimpanzee participants were allowed the freedom to sit on 
either side of the HAF while engaging with it; this “meant that on a number of occasions 
when rolling the wheel in the ‘right’ direction, they were actually closing the mechanism 
because they were in the ‘wrong’ place” (Marshall, 2005). It was also suggested that 
difficulty may lie in the fact that sticking ones finger in hidden cavities may be ecologically 
incompatible with the chimpanzees’ repertoire, as most hidden cavity exploration occurs 
using tools such as sticks. Child participants were always seated in the ‘right’ place and the 
exploration of hidden cavities is presumably well within their repertoire, nonetheless a few 
still experienced difficulty with this step. 
Chimpanzees did not (Marshall, 2005) imitate the model’s push versus pull preference 
when removing the bolts, but children did (see Figure 5.8). When it came to copying the push 
versus pull alternatives used to open the slide doors, chimpanzees replicated the model’s 
actions (Marshall, 2005) but human children did not (see Figure 5.9).  
Given findings on the same paradigm in which matching on similar defenses was 
found (Whiten et al. 1996; Whiten, 2002c; Whiten et al. 2006) and that the different species 
copied some demonstrations but not others is perplexing. Marshall (2005) suggested that 
chimpanzees may have ignored demonstrations involving poking bolts, opting instead for an 
existing “pulling” schema. Children are presumably as likely to have available to them both 
“pulling” and “pushing” schemas, therefore selective copying, (at least in the case of children) 
may be the result of something other than previous experience. Response facilitation (Byrne 
and Tomasello, 1995) is a simple priming mechanism that may explain the imitative 
responses of the component actions seen here. It is a learning process that could  
 203
 
Figure 5.8 Median bolt pushing behaviour for ‘push group’ versus ‘pull group’ on early and 
later trials for children (left graph) versus chimpanzees (right graph). 
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Figure 5.9 - Median bolt pushing behaviour for ‘push group’ versus ‘pull group’ on early and 
later trials for children (left graph) versus chimpanzees (right graph). 
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account for some imitative phenomena and occurs when the presence of a conspecific 
performing an act temporarily increases the probability that an observing animal will perform 
the same act already in their repertoire. 
Children and chimpanzees did not adopt a hierarchical approach independently, 
instead they copied the method demonstrated by the model. Hierarchical structure is being 
imitated in both species (see Figure 5.10) and this means that young children and 
chimpanzees can detect when a hierarchical plan is embodied in an action sequence and will 
instinctively copy it. Hierarchical organization of behaviour can help ease the problem of 
action selection by focusing attention on only a few appropriate behaviours. Individuals will 
generally have multiple goals to pursue simultaneously, such as pursuing a course, avoiding 
obstacles and attending to new situations. The two species have pre-coded plans and plan 
elements that they use to learn quickly and effectively and these may be very similar to 
computational algorithms. Additional exploration is needed to further elucidate the 
mechanisms that control hierarchical organization. 
Lending support to Byrne et al.’s (2002) string parsing theory, hierarchical imitation 
in the chimpanzee study (Marshall, 2005) only became apparent in later trials. Also, both in 
the child and chimpanzee studies participants reproduced only one of the two possible 
behaviours at the action level (i.e. not the pulling versus pushing actions but the direction in 
which the slide door was being opened in the case of the chimpanzees and the direction that 
the bolt was being removed in the case of human children). These results fit nicely with 
“existing evidence that children of this age parse the streams of actions they witness in 
systematic ways, that include a sensitivity to hierarchical structure (Bauer and Mandler, 1989; 
Bauer et al. 1998; Want and Harris, 1998, 2001)”. Taken together, the findings of Whiten 
(1998b), Marshall (2005), Whiten et al. (2006) and the results of this  
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Figure 5.10 - Mean Percentage of ROW transitions being made in early and later trials for 
children (left graph) as compared to chimpanzees (right graph). 
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study show that children and chimpanzees construct hierarchically matched structures when 
copying plans. 
Critics of methods using artificial fruits suggest that adequacy of such testing 
mechanisms is limited by the nature of their rigid structure and small number of possible 
solutions (Byrne et al. 2001). The HAF does not restrict participants to carry out a 
hierarchical solution and a calculation of the possible sequences that participants could carry 
out to disable the HAF concluded that 34,650 alternatives are possible. Furthermore, not one 
participant in the control condition managed to remove the HAFs defenses.  
In chimpanzees, the learning process applied to hierarchical structure occurred 
throughout the trials in a relatively gradual manner. In the case of child participants in this 
study, the hierarchical structure was apparent from the beginning, but over time there was a 
decrease in unnecessary actions. Whiten (1998b) and Marshall (2005) reported that 
chimpanzees not only imitate hierarchical behaviour, but do so more accurately on subsequent 
trials if the demonstration is repeated. This study shows that progressive increase in fidelity is 
also true of children; essentially moving from goal emulation to program-level imitation. 
Improvement might result from better learning the affordances of the task which facilitates 
lower-cost representation and thus easier learning. There may also be a social drive to emulate 
more detail when prompted by a repeated demonstration.  
Children copied the hierarchy right away and improved their technique over time in 
that the amount of unnecessary actions was decreased during later trials. This fits nicely with 
the string parsing theory proposed by Byrne (2003). Furthermore, like the chimpanzees in 
Marshall’s (2005) experiment children showed evidence for selective copying. In order to 
determine effectively whether children are using string-parsing to learn to solve the task, 
future research should test whether participants could solve the task by seeing only one 
demonstration.  In the current experiment children were multiple demonstrations of how to 
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solve the task before having a go at it themselves, but if they were shown to have the capacity 
to solve the task after only one demonstration then this would be evidence against string-
parsing theory. 
Although children showed high fidelity in copying the hierarchical approach that they 
had observed, they did not follow the exact serial order of actions that were demonstrated by 
the model. This is contrary to studies that have shown spontaneous sequential copying in 
children (Call and Tomasello, 1995; Horner and Whiten, 2005 and Bauer and Fivush, 1992). 
Call and Tomasello (1995) showed that orangutans fail to copy such a sequence and Marshall 
(2005) found irregular copying in chimpanzees. Whiten et al. (2005) offer two possible 
explanations for inconsistent copying among apes. One is that in some of the studies showing 
sequential copying, this typically involves ‘top-level’ structuring in the sequencing of the 
main components, and it is therefore the sequence that participants attend to.  The row-versus-
column organization of the HAF is arranged in such a top-level manner, with sequence (left to 
right, or right to left) subsidiary. Another possibility is that imitation is selective “in relation 
to a range of considerations that may adaptively influence copying fidelity (Fivush et al. 
1992; Whiten, Horner and Marshall, 2005)” (Whiten et al. 2006). Children’s knowledge of 
causal principles may allow them to determine which actions may in fact be useful and which 
others are unnecessary (Whiten et al. 2006). Further experimental work will be necessary to 
test such hypotheses. Whiten et al. (2006), went on to propose that Byrne and Russon’s 
(1998) concept of program level imitation “does not deal with the fact that imitation of 
hierarchy and sequence can be independently manifested” and each need to be tested for 
independently. 
This study has concluded that ape species replicate behaviour that is organized in a 
hierarchical way. The question of “when” apes copy behaviour that is organized 
hierarchically remains open for exploration. Another line of analysis should explore what 
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happens in the face of increasing complexity and in situations where copying the hierarchy is 
not possible. 
 
 
 
 
 
 
 
 
CHAPTER 6 
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CHAPTER 6 – SUMMARY OF CHAPTERS, COMPARISON ACROSS STUDY SITES 
AND CONCLUDING REMARKS. 
 
6.1 Abstract 
 The ability to transmit traditions requires that information be passed on from one 
individual to another. This chapter summarizes and discusses my five studies into the 
phenomenon of social learning. My research has shown that, in chimpanzees, traditions can 
pass from one group member to another. Two more experiments on copying behaviour in 
chimpanzees concluded that behaviour can not only diffuse from one individual to another 
but also across neighbouring communities. I provided evidence for directed social learning in 
chimpanzees and examined the role of social dynamics on social learning in the context of 
kinship and status. Another experiment compared children and chimpanzees on their ability to 
decode and copy hierarchically organized behaviour.  Making use of the same artificial 
foraging device used to study chimpanzees, it was possible to examine the fidelity of copying 
behaviour in chimpanzees and consider the differences and similarities between the two 
species. In relation to the overall results in this manuscript, I discuss the impact of task 
complexity, group size and multiple population comparisons and provide suggestions for 
improving methodology. I make a comparison between experimental sites: the findings are 
combined and discussed in the context of similarities and differences between the results 
achieved by the different studies. I also provide directions for future research discuss the 
limitations of my research and ways by which to improve on the validity and reliability of 
results. Finally, I describe what makes human cognition different from that of other animals 
using a domain general perspective. 
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6.2 General Discussion of Experiments 
The five experiments described in this dissertation help answer some important 
questions about culture and social learning in primates. First, there was an attempt to 
replicate, with limited success, the Whiten et al. (2005) findings that chimpanzees have the 
capacity for social learning. Then, using more complex testing equipment I found that not 
only are chimpanzees able to learn from other members of their group but they can also 
faithfully transmit socially learned behavioural patterns to neighbouring communities. 
Chapter 4, on directed social learning (DSL), concluded that when learning, chimpanzees 
adopt a “copy-what-you-see-most” strategy. The DSL experiment also showed that 
individuals of high status generally learn first. Furthermore, learners prefer to learn from their 
mothers whenever possible. Finally, the HAF experiment in chapter 5 demonstrated that 
copying of behaviour in children is hierarchically organized, as it is to some extent in 
chimpanzees. 
The Pan-pipes experiment yielded weak results in that no distinctly different traditions 
emerged in the 2 groups tested. Despite having seeded one group with a “lift” tradition and 
the other with a “poke” tradition  the poking tradition became the technique most commonly 
used in both groups (see section 2.3.4 and figure 2.3 in chapter 1 for a clear descriptions of 
the two alternate methods by which participants may gain access to the apparatus and the 
food reward). However, the fact that the Lift technique was only significant in the group 
seeded with the Lift tradition, and was performed in that group considerably more often than 
in the group that was seeded with the alternate Poke technique, corroborates that 
chimpanzees’ adoption of Lift was dependent on social learning 
The overall picture that we are gaining from studies of apes and other species is that 
social learning is indeed a commonly occurring phenomenon that plays a considerable role in 
the behavioural acquisition of various species.  Nonetheless, it is unclear to what extent social 
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learning can be effectively achieved thanks to cognitively simple mechanisms. The two action 
method has been regarded as a particularly strong approach for teasing apart simpler 
processes from more complex ones. 
 
6.2.1 Task complexity 
The chimpanzees’ overall bias to “poke” when using the Pan-pipes could be attributed 
to factors such as tool-affordance, preference of one method (‘poke’) over another (‘lift’), 
environmental enrichment and/or ‘preparedness’ (in which non-human animals are naturally 
predisposed to certain behaviours and responses. Seligman, 1970 described the phenomenon 
as follows: "The relative preparedness of an organism for learning about a situation is defined 
by the amount of input (e.g., number of trials, pairings, bits of information, etc.) which must 
occur before that output (responses, acts, repertoire, etc.), which is construed as evidence of 
acquisition, reliably occurs." (1970, p 408).  
However, it is also possible that a design limitation in the apparatus could have 
yielded the biased results. Specifically, a lack of complexity in the Pan-pipes task may have 
increased the likelihood that chimpanzees would come across the alternate method through 
individual exploration. Simply aiming a stick in the direction of the Pan-pipes and then 
jerking it around could unintentionally cause the food reward to be released. This 
characteristic may have made it possible for individuals in the “lift” condition to discover 
“poke” early on in the learning process.  
The lack of a control group in the Pan-pipes experiment made it difficult to exclude 
individual learning as a possible candidate. This limitation also made it difficult to dispel 
individual exploration, stimulus enhancement (SE) and local enhancement (LE) as possible 
underlying learning mechanisms.  
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Chimpanzees in the Pan-pipes experiment had direct access to the apparatus blocked 
by means of a mesh through which their hands could not fit.  In addition to only being able to 
make contact with the apparatus by means of the one tool available, the two alternate methods 
(Poke and Lift) were located less than 3 inches from one another. This narrows the possible 
activity to a very small area (through the mesh and within 3 inches) and makes it very 
difficult to exclude SE and LE as possibilities because 1) the demonstrator could simply draw 
the observer’s attention towards the location of the apparatus and if the observer follows up 
by directing the tool towards the Pan-pipes and making jerking movements they could gain a 
reward- allowing for LE, and 2) a demonstrator could also orient the attention of an observer 
to the tool and the apparatus, causing the observer to learn the goal and associate the tool with 
the Pan-pipes and thus learn to extract the food on its own through SE.  
Task complexity was taken into account when selecting the Probe-task and designing 
the Turn-ip for the experiments that followed.  Both the Turn-ip and the Probe-task devices 
required a 2-step approach so that once the first step was complete, a second step would still 
be required before the food would be released. In each case, the steps in one method were 
designed to look and feel distinctly different from those in the alternate technique.  
The Probe-task required the use of 2 differently shaped tools (one round and one flat). 
This task was similar to the Pan-pipes in that it involved inserting a tool in an opening, but the 
similarity ended there. Each of the two techniques (“lift-then-slide” and “push-then-stab”) 
was noticeably different from the other; in the first step, chimpanzees were required to open 
one of two different apertures located on different sides of the cube-shaped apparatus (by 
lifting a flap on the front-side or pushing a rib on the top-side). Once this door was opened, 
the chimpanzees would then be able to select the corresponding tool (flat versus round) to be 
inserted.  
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The Turn-ip was designed in such a way that it did not require the use of any tools. 
Instead, one technique involved ratcheting a lever located on the top side of the cube-shaped 
apparatus. The alternate method involved turning a disc located on the front side of the box. 
Once this step was complete, the participant could either slide a yellow lever or press down a 
red lever. Each of the two levers was shaped differently, one was a round rod and the other 
was a square shaped bar.  
In both the Probe-task and the Turn-ip participants had direct access to touch and 
manipulate the apparatus because the mesh screen on the window enclosure was removed, 
allowing their hands to reach through the bars. 
Hopper et al. (2007, p. 1030) hypothesize that, “traditions arise for techniques that fall 
between two thresholds in a population’s cognitive capacity.” It is said that “below the lower 
threshold, most animals will be able to discover the techniques themselves, whereas above it, 
the task is unlikely to be solved by any animal learning on its own, except in the case of rare 
innovators”. Furthermore, “the task must also be below an upper cognitive threshold, where 
animals have the capacity to learn it by observing a model already expert in it”. “Above this 
threshold, it cannot be learned even by observation”. Both the Turn-ip and the Probe-task 
were sufficiently more complex than the Pan-pipes, making learning through trial and error 
very difficult and highly unlikely. In fact, not one individual in the control or baseline 
conditions gained enough experience to solve the task on their own on repeat occasions. At 
the same time both tasks remained within the chimpanzees’ capacity to learn by observing 
others.  An increase in task complexity decreases the likelihood that a bias in the results could 
be due to ecological factors, affordance, chimpanzee anatomy (Norman, 1993), personal 
experience or preparedness (Seligman, 1970).  
The bias that was observed in the Pan-pipes experiment was not evident in either the 
Turn-ip or the Probe-task studies. In fact, the technique preferred by the majority of 
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chimpanzees in each group matched the technique used by the original model. Furthermore, 
most emerging corruption events ‘corrected’ in the behaviour of later chimpanzees in the 
diffusion, matching the techniques demonstrated by the initial model.  
Corruption events corrected could be due to conformity (Whiten et al, 2007). It is 
worth noting that although some chimpanzees show signs of conformity to the technique 
expressed by the majority of the others in the group, some who discover an alternate solution 
may adopt a “conservatism” approach; whereby mastery of a skill inhibits exploration or 
adoption of better alternative techniques. Some individuals in my studies expressed 
conservatism (for example XE in the Probe-task) while others (like RA, CO and JO, in the 
Probe-task) abandoned their own approach preferring to conform to the most popular method. 
Although both conformity and conservatism seem to be available to chimpanzees it remains 
unclear under which conditions one approach may be favoured over the other. Social 
dynamics such as age, kin, prestige or rank may play a part in the decision to conform or not, 
but further research is required to better understand this process. One may speculate that 
young innovators would be better candidates for conservatism because of their more 
explorative nature while older individuals are more attuned to their place in the pecking order 
and therefore know that if they are to maintain their status they better conform to the same 
behaviour as the others around them. Whatever conditions trigger either approach, both 
conservatism and conformity seem available to chimpanzees and it is this dual ability that 
makes them adaptive and highly successful social animals (see discussion on “protean 
cognition in section 6.3.1 in this chapter).  
The bias in chimpanzees’ responses seen in the Pan-pipes study was avoided in the 
Turn-ip and the Probe-task experiments by making use of a two-step-two-action design in 
preference to the simpler 2-action methodology. The design of the Probe-task and the Turn-ip 
increased the validity of the results and highlighted the importance of using a 2 by 2 design. 
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Baseline and control subjects in both the Turn-ip and the Probe-task did not learn to 
solve the task on their own, thus excluding individual exploration and social facilitation (the 
tendency for individuals to be aroused into better performance through the mere presence of 
conspecifics) as possible learning mechanisms.  
Social facilitation and stimulus enhancement may have contributed to observers 
overcoming their initial fear of the apparatus. SE may also have influenced observers to learn 
about the positive valence of each apparatus by drawing attention to the positive opportunity 
of gaining a reward from it (see Heyes, 1994), however the robustness of a two action design, 
the complexity of the Probe-task and the Turn-ip, and the use of control and baseline 
conditions made it possible to reject individual exploration, social facilitation, SE and LE as 
likely underlying learning mechanisms. Social facilitation is likely to manifest most impact 
on tasks that are less complex (such as the Pan-pipes- Hopper et al. 2007; Hopper, 2008); 
however it can be argued that with more complex tasks (such as the Probe-task and the Turn-
ip) the likelihood of social facilitation to produce an effect levels off or may even decrease. 
Naïve individuals in my studies initially (during baseline) explored all the levers, tools and 
parts of the apparatus within reach, allowing SE to stimulate both relevant and irrelevant 
levers and tools. Therefore, if SE or another basic learning mechanism was responsible for the 
chimpanzees solving the tasks then members of the group would show a more random 
method acquisition (for example, an even mixture of “ratchet-then-slide”, “ratchet-then-
press”, “turn-then-slide” and “turn-then-press” methods in the case of the Turn-ip), and not 
the specific  method demonstrated by the model. 
 
6.2.2 Sample size and multiple experimental groups 
Testing subjects in large numbers improves the methodology and makes for a more 
representative sample. In a survey that looked at sample sizes in 32 behavioural experiments 
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with great apes, over a 15 year period, it was found that over 70% of them had a sample size 
of 10 or less individuals (Whiten et al. 2004). Furthermore, they were all conducted with a 
single population of the species concerned. By contrast the Probe-task and Turn-ip 
experiments incorporated 78 chimpanzees; the Pan-pipes study had employed 31 participant 
chimpanzees.  
Members of larger groups may learn to solve tasks in a shorter time as compared to 
smaller groups.  Chimpanzee communities in the wild generally live in larger groups than the 
ones in captivity and like human groups they form cliques and temporary parties of varying 
sizes (Goodall 1986; Chapman et al. 1994; Watts and Mitani 2001). It is possible that groups 
made up of a small number of individuals may be less likely to achieve certain things that 
larger groups would find easy to do. The possible “poorer” repertoires of smaller groups 
could limit their performance abilities. If this hypothesis is correct, groups in the wild (which 
vary between 20 and 150 members) would also be better problem solvers than those in 
captivity. It is important to note that intelligence (a presumably inherited trait) could not 
increase indefinitely just because of group size (except from Humphrey’s (1976) social 
intelligence self-perpetuating selection pressure). Further research is needed to identify 
specific differences in speed of acquisition for groups of varying sizes. In terms of ensuring 
ethical treatment of chimpanzees in captivity and the overall survival of the species, future 
research should measure the impact that isolation and separation (whether in captivity or 
through deforestation) may have on the overall level of functioning in chimpanzees.  
My research has benefitted from accessibility and availability of multiple 
neighbouring populations of chimpanzees like the ones at Bastrop.  This not only allows the 
experimenter to compare populations to one another but we can now analyse multiple control 
groups. Running a baseline with each experimental group is important but should only 
supplement the controls and not replace them. In order to determine whether asocial learning 
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is a plausible explanation for the result attained, it is crucial to run control sessions that are 
comparable in time so that they can be matched directly with the experimental conditions. 
The Bastrop setup allowed me to seed 2 different traditions in two separate populations, 
which then diffused across 3 neighbouring populations in each case. Combining an open-
diffusion with a linear-chain-diffusion methodology is unprecedented in chimpanzee research 
and has provided robust results. 
 
6.2.3 Comparison between experimental sites 
The Turn-ip and the Probe-task experiments demonstrated that chimpanzees are able 
to sustain multiple, diverse behavioural traditions, described by various authors as “local 
cultures” (by analogy with the human case: Richerson and Boyd, 2005; Mesoudi et al. 2006; 
Guglielmino et al. 1995; Hewlett, 2002).  Two separate multiple traditions cultures (Bastrop-
West culture and Bastrop-East culture) were created and faithfully copied by a large number 
of individuals.  
In Whiten et al. (2007), we compared results of the Turn-ip and the Probe-task with 
those at the Yerkes National Primate Research Center. Each group analysed at Bastrop and 
Yerkes was characterized by a different culture and each culture was composed of multiple 
distinct traditions. In addition, at Yerkes there was the spontaneous occurrence and spread of 
‘handclasp-grooming’, a behaviour that has also been reported in wild populations (McGrew 
and Tutin, 1978). Hand-clasp grooming has only been observed to occur in 1 Yerkes group 
and because it is absent in the other group (Bonnie and de Waal, 2006), it provides a fourth 
tradition at Yerkes. 
Independently of each other, the Yerkes experiments (‘Doorian’, ‘Panpipes’, ‘Token’; 
Whiten, Horner and de Waal, 2005; Horner et al. 2006; Bonnie et al. 2007) and the Bastrop 
studies (‘Turn-ip’ and ‘Probe-task’) provide strong evidence for cultural transmission in non-
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human animals. The Yerkes and Bastrop studies are the first to show multiple behavioural 
variations in non human primates.  
Analysing group to group transmission of traditions in multiple groups makes it 
possible to examine whether general principles apply to the diffusion process. To do this, 
Whiten et al. (2007), looked to see if they could find similarities in the order in which each 
expertise spread through the groups. In Bastrop, the order in which individuals in each group 
learned the tasks was significantly correlated (in 2 groups) and the correlation was high and 
positive for each of the other six groups (Whiten et al. 2007). In comparison, the correlation 
between order of acquisition at Yerkes was negative and non-significant (Whiten et al. 2007). 
Combined, the Bastrop and Yerkes data indicate that similar general principles 
regulate actions of the same kind (tool-based foraging in the case of the Probe-task and Turn-
ip) but different factors govern tasks that are dissimilar to one another. For example, the Pan-
pipes is a tool-based foraging task whereas the tokens represent arbitrary conventions of 
object use (Whiten et al. 2007). The divergence among different tasks and the consistency 
between similar ones should be explored by further research on social learning, social 
dynamics and the variables that influence the spread of experimentally-seeded traditions. 
The Bastrop studies were first to systematically show that non-human primates have 
the capacity to pass separate traditions from one group to another. Whether the underlying 
social learning mechanism responsible for the spread of tradition is imitation or some other 
process requires different methodology.  
 
6.2.4 Copying fidelity 
Copying fidelity is sometimes thought to be an important ingredient that has enabled 
humans to develop cumulative culture (see Whiten, 2008). Results of the Turn-ip and the 
Probe-task studies support this proposition by showing that chimpanzees are capable of 
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enough copying fidelity to sustain various traditions. Moreover, using my own results (from 
the HAF study) I argued that both humans and chimpanzees go through a progression in 
imitative ability with each repeated attempt; effectively advancing from goal-emulation to 
program-level imitation. Several other recent diffusion studies have also shown that non-
human primates are capable of high fidelity copying (Bonnie et al. 2007; Dindo et al. 2007; 
Hopper et al. 2007; Horner et al. 2006; Whiten et al. 2005, 2007).  
There is some evidence of faithful copying behaviour in birds (Langen, 1996 see 
discussion section in chapter 3; Freeberg, 1996). In a diffusion experiment that fits nicely 
with the Probe-task and the Turn-ip studies, Freeberg (1996) tested whether courtship patterns 
could be culturally transmitted to a second generation of young South Dakota cowbirds. 
Those cowbirds exposed to an atypical social environment (housing with Indiana adult 
cowbirds) developed courtship patterns that differed from South Dakota cowbirds exposed to 
a more typical environment. Freeberg (1996) demonstrated experimentally that cultural 
transmission of courtship patterns points to the importance of social environments as 
mechanisms whereby behavioural systems are inherited from one generation of animals to the 
next. 
The capacity for high-fidelity social transmission may, in part, explain why human 
culture is different, at least from other primates'. Whiten (1998), Marshall and Whiten (2005) 
and my own findings (the HAF study) suggest  that chimpanzees and children not only 
imitate hierarchical behaviour, but do so more accurately on subsequent trials if the 
demonstration is repeated. This increase of fidelity - essentially moving from goal emulation 
to program-level imitation - might result from better learning the affordances of the task 
facilitating lower-cost representation and thus easier learning. Or there may be a social drive 
to emulate with more care when prompted by a repeated demonstration. These increasing-
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fidelity results and hierarchical learning are now well-supported by my own findings through 
replication of Whiten et al., 2006; Marshall and Whiten, 2005; Flynn and Whiten, 2008). 
High fidelity copying does not necessarily mean that individuals will imitate blindly. 
It is of particular importance for future research to ascertain the reason why different species 
demonstrate different levels of copying fidelity. In doing so we could determine whether the 
difference may be due to lack of cognitive mechanisms or to an adaptive selectivity in 
copying only relevant actions and results. 
 Both chimpanzees (Marshall and Whiten, 2005) and human children (chapter 5) are 
capable of selective copying. Selective imitation has adaptive advantages.  A selective 
imitator lets others work hard and then reaps the benefits of success without exposing itself to 
the potential risks associated with asocial learning.  On one end of a continuum, an observer 
has the option to take an arbitrary approach and learn indiscriminately from others (“non-
specific social learning”; Coussi-Korbel and Fragaszy, 1995), but this random approach may 
not be likely to increase the fitness of individuals within a group (Boyd and Richerson, 1985; 
Rogers 1988). On the opposite end of the continuum, an individual may opt to be selective in 
choosing whom to learn from. In other words, an individual can be selective in choosing 
when to adopt a non-specific strategy and when to adopt a directed social learning strategy. 
Both can be advantageous insofar as they provide the observer with an ability to gather 
adaptive information without risking the costs of trial and error. 
 
6.2.5 Who learns from whom 
The DSL study (chapter 4) concluded that certain individuals make for more 
influential models than others (directed social learning; Coussi-Korbel and Fragaszy, 1995). 
Consistent with the master-apprentice model proposed by Matsuzawa et al. (2001), I also 
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concluded that young chimpanzees spend more time observing the actions of their mother 
than they do watching the actions of others.  
Results from the DSL study demonstrated that chimpanzees learn differently from 
different individuals depending on their social status (Berger et al. 1977; Drea and Wallen, 
1999; Nicol and Pope, 1994). Higher-ranking individuals acquired new behaviours faster than 
lower ranking individuals. Animals that live as social aggregates and within stable groups (for 
example, nesting colonies, Hausberger et al. (1995)) tend to be affected by a variety of social 
dynamics and by their relationships with one another.  Individual characteristics like gender, 
age, size and kin status contribute to determine an individual’s position within a group and the 
level of influence that individual has on other members. The consequence of social dynamics 
is a bias to learn from some individuals more than others.  
High-ranking individuals often learn before others. Faster acquisition may mean that 
richer resources available to high ranking individuals (such as better quality food, a prominent 
position in the group, less of a chance to suffer physical attacks from others and so on) have a 
positive impact on cognitive ability. If this hypothesis is true, then high ranking individuals 
may be smarter than lower ranking ones. On the other hand, high-rankers may be learning 
sooner not because they are smarter but because low ranking individuals rarely challenge 
higher ranking ones. Unchallenged, high-rankers monopolise the use of the apparatus and 
thus gain experiential advantage over the low-rankers. Low-ranking members gain access to 
the apparatus only after high-ranking ones lose interest and have had sufficient opportunity to 
solve the task. Future research should explore status in relation to how individuals learn new 
behaviours when in a group setting and when they are on their own. 
The chapter on DSL showed that high status individuals often acquire expertise earlier 
than low ranking ones. The ability of high ranking individuals to acquire behaviour faster 
than others may be due to superior cognitive ability. It may also be that high rankers learn 
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faster because they have unchallenged access to the apparatus. Another possibility is that high 
rankers are watched more than low rankers. Analysing the relationships between “rank”, 
“number of individuals watching” and “time spent watching” should reveal whether high 
rankers are watched more than low rankers. This will also help determine whether high 
rankers are in fact smarter than low rankers or simply use their muscle to monopolise any 
available resources. 
 
6.2.6 Hierarchical and program level learning 
When inquiring about the processes by which novel behaviours are acquired and 
passed on, it is useful to look at how the new information is encoded in memory. The HAF 
experiment was devised in order to get a better understanding of how learners organize 
behaviour in memory. The HAF study concluded that human children copy the structural 
organization of a complex process. This was consistent with Marshall and Whiten’s (2005) 
finding that chimpanzees also organize behaviour in a hierarchical way.  
By comparing the findings of the child data from the HAF experiment to the 
chimpanzee data of Marshall and Whiten (2005), it was demonstrated that children show a 
better capacity than chimpanzees to replicate the hierarchical structure of demonstrated 
behaviours. Neither chimpanzees (Marshall and Whiten, 2005) nor human children 
spontaneously copied the specific sequence that was demonstrated to them. This indicates that 
children and chimpanzees do more than simply follow the serial order of the actions they 
observe. Both species seem to possess pre-coded plan elements which allow them to 
recognize hierarchically structured behaviour. It remains unclear why both chimpanzees 
(Marshall and Whiten, 2005) and children show a particular tendency to copy the 
organizational structure of behaviour but not the specific embedded sequences. It is, however, 
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evident that humans are more accurate than chimpanzees on most measures of copying 
behaviour.  
The use of complex tasks helps to avoid bias in the results. Chimpanzee’s ability to 
solve complicated puzzles is often underestimated. Research that miscalculates chimpanzees’ 
ability to learn complex behaviour may negatively impact the results. Researchers may use 
tasks that are not sufficiently challenging to test for social learning. In such cases, individuals 
may succeed through mere trial and error. The Turn-ip apparatus is a great addition to the 
researcher’s tool-box. It is sufficiently complex to provide a valid measure of social learning 
in chimpanzees and it has proven reliable in yielding the same results over repeated trials. The 
Turn-ip can be useful in research aimed at exploring program level imitation. For example, 
methods “ratchet-then-slide” and “turn-then-press” both follow a similar progression but 
require learning distinct programs. 
As an example of ‘program-level’ imitation Byrne and Russon (1998) described the 
food-preparation techniques of wild mountain gorillas. Figure 6.1 shows a reproduction of 
their flow-chart representing the basic program that gorillas need to learn in order to safely 
prepare “nettles” and “galium” (both potentially painful plants due to their stinging defences) 
for eating (Byrne and Russon, 1998).   
The Turn-ip provides an experimental equivalent to the Byrne and Russon’s (1998) 
gorilla food preparation analysis and can help further substantiate that non-human primates 
understand the structure of behavioural techniques. Figure 6.2 shows a flow-chart 
representing the basic program that chimpanzees need to learn in order to solve the Turn-ip 
task. In order to successfully solve the Turn-ip task, chimpanzees must progress through a 
number of steps and make a number of decisions. Since the Turn-ip was artificially created, 
the embedded techniques are of no current value outside the experimental context of the 
study. 
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Figure 6.1 - Reproduction of Byrne and Russon’s (1998) Gorilla plant preparation “program”. 
This flow-chart represents the data processing sequences seen in a gorilla eating NETTLE 
Laportea alatipes and GALIUM Galium ruwenzoriense. 
(hold base lightly) 
put into mouth 
LEFT RIGHTnettle gallium 
(pull down mass of tangled stems) 
pick out green stem(s)
hold loosely 
hand full? 
Yes 
No
LEFT RIGHT
grip stem loosely 
near base,  
slide up stem 
grip end of leaf bunch
lever or twist apart 
(hold loosely) 
(hold leaves loosely)
grip base of  
leaf bunch 
hold 
drop waste 
(pick out debris) 
(pull out and fold over) 
(pull into range) 
(fold in loose stems) 
(support mass
 of stems) 
(pick out debris) 
(fold in loose stems) 
grip tightly and eat 
as tight bundle 
hold loosely 
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Figure 6.2 – The hypothetical program of minimum hierarchical complexity needed to 
produce the “ratchet-then-slide” and the “turn-then-press” techniques on the Turn-ip task. 
This flow-chart represents the data processing sequences that participants need to learn in 
order to solve the Turn-ip task. Where the logical structure is asymmetric, the mirror form 
will also occur. The sequence of actions starts at the top and moves down. Rectangular boxes 
show actions, described by the words in them. Dotted lines indicate bilateral coordination 
between the separate actions of the two hands. Boxes are arranged to left and right of the 
midline to indicate significant literalities in the hand used (actions with non-significant 
laterality are represented on the midline). Diamonds represent branch points in the process, 
with the approximate criteria for the decision indicated in words in the diamond: a process 
may repeat or iterate until the criterion is reached. The sequence ends with putting a grape in 
the mouth. 
ratchet disc 
slide yellow lever 
hold lever open 
use index finger  
to extract grape 
put grape in mouth 
grape present? 
Yes 
No 
LEFT RIGHTratchet-then-slide turn-then-press 
did grape drop 
Yes 
No 
turn disc  
press red lever 
hold lever open 
use index finger 
to extract grape 
put grape in mouth 
grape present? 
Yes 
No 
LEFT RIGHT
did grape drop 
Yes 
No 
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Byrne and Russon (1998) argue that “program level imitation is a high-level, 
constructive mechanism, adapted for the efficient learning of complex skills and thus not very 
evident in the simple manipulations used to test for imitation in the laboratory.”  The Turn-ip 
is suitable for use in such research because in order to solve it, the subject must be able to 
copy at the ‘program-level’. In fact, subjects must learn one of several possible programs 
(“ratchet-then-slide”, “ratchet-then-press”, “turn-then-slide”, “turn-then-press”) required to 
disable the Turn-ip and cause the food to become accessible. One of 2 programs used in the 
Turn-ip experiment required participants to “ratchet-then-slide”. The most basic program 
required to complete the “ratchet-then-slide” method is as follows: 
 
The simplest program required to solve the “turn-then-press” technique is the same but 
in this case the action “Ratchet disc” gets replaced with “Turn disc” and the action “Slide-
yellow-lever” gets replaced with “Press-red-lever”1.  
At the most detailed level of description of manual actions, each individual may use 
several variants of each behavioural element in the process. This is consistent with the 
proposal of Byrne and Russon (1998), which argues that these variants have no functional 
significance and can all achieve the same objective.  Byrne and Russon’s (1998)  claim that in 
                                                 
1 The Turn-ip does not restrict participants to use the demonstrated  “turn-then-press” or 
“ratchet-then-slide” techniques, they may also “ratchet-then-press” or “turn-then-slide”. 
010 Ratchet disc 
020 If grape does not drop through hole in disc then go to 010,  
…...if grape falls through hole in disc then go to 030 
030 Slide yellow lever 
040 If grape is present then go to 050, if grape is not present 
…... then go to 010 
050 Hold yellow lever open with right hand 
060 Extract grape using index finger. 
070 Put grape in mouth 
080 Go to 010 
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the case of gorillas, “the variant chosen is most likely partly determined by the environment, 
the plant itself - just the sort of low-level, local decision making that Dawkins pointed out as 
an advantage of hierarchical structure” (Byrne and Russon, 1998) . In my experiment the 
Turn-ip does not change shape (as would a plant) and the ecology remains the same  
throughout the study. Therefore, any emergent variants are likely to be partly determined by 
individual differences.   
Byrne and Russon (1998) argue that non-human primates do not perform as well as 
humans in their hierarchical depth of planning. Whiten (1998b) and Marshall and Whiten 
(2005) reported that chimpanzees imitate hierarchical behaviour but do so more accurately on 
subsequent trials. Similarly, when comparing my own results with children to those of 
Marshall and Whiten (2005), it emerged that chimpanzees have a stricter capacity limit than 
human children. Although both chimpanzees (Marshall and Whiten, 2005) and human 
children (HAF study) showed a capacity to recognize hierarchical plans embodied in action 
sequences, hierarchical imitation in chimpanzees become apparent in a gradual manner 
(Marshall and Whiten, 2005). Children (in the HAF study) were able to detect the hierarchical 
structure earlier, but over time they also became more efficient.  
A progressive increase in copying fidelity in both humans and chimpanzees 
demonstrates that both species initially learn to emulate goals and later graduate to recognise 
the underlying structure and hierarchical layout of a behavioural program. Future research 
should explore whether this “progression” results from a social drive to emulate more detail 
when prompted by a repeated demonstration or from better learning the affordances of tasks. 
From an evolutionary perspective, it will also be important to establish whether humans and 
other animals copy behaviour that is organized hierarchically all the time or only under 
certain circumstances.  Sometimes it may not be possible to copy the hierarchy so future 
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research should explore what makes chimpanzees and humans copy at the “action level” and 
how the two species cope with increasing levels of complexity. It may be that imitation of 
hierarchy and sequence are independently manifested or it may be that they are 
interdependent of one another and perhaps other processes. Children’s knowledge of causal 
principles is said to allow them to avoid using unnecessary actions (Whiten et al. 2006) and 
my own findings suggest that the same may be true of chimpanzees. 
Internal organization of behavioural sequences can be either linear (flat) or nonlinear 
(hierarchical). My findings (in chapter 5) support the argument by Lashley (1951) that 
sequential responses that appear to be organized in linear and flat fashion concealed an 
underlying hierarchical structure. Hierarchical (nonlinear) representations of sequences have 
an edge over linear (flat) representations. They allow easier access to common subroutines of 
sequences, easier to self-repair in the event of failure, and combine efficient local action at 
low hierarchical levels while maintaining the guidance of an overall structure. A linear (flat) 
organization of a sequence will be in the form of one long linear string of actions. While the 
representation is simple from storage point of view, there can be potential problems during 
retrieval. For instance, if the nth element has to be retrieved, all the n – 1 preceding elements 
have to be processed. Further, if there is a break in the chain, subsequent elements will 
become inaccessible. 
On the other hand, a hierarchical representation would have multiple levels of 
representation. In human behaviour, hierarchical structuring has been argued to be essential 
for many acquired skills, such as language, problem-solving and everyday planning 
(Chomsky, 1957; Newell et al. 1958; Miller at al. 1960; Newell and Simon 1972). Further, 
studies show that representation at the higher level supports grouping of low-level units to 
form what are popularly known as chunks (Wickelgren, 1969; MacKay 1982; Rosenbaum et 
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al 1983; Sakai et al. 2003; Pammi et al. 2004). Chunking also enables overcoming the 
limitations imposed by limited-capacity working memory, whose limit is proposed to be 7 ± 2 
constituents (Miller, 1956). In summary, strength of the evidence from experimental and 
theoretical studies so far points to a hierarchical representation. 
Program-level imitation is essentially a set of goal emulations, or a structured 
association of contexts to actions. The extent of this structure is much debated. It is tempting 
to take what appears to be the simplest explanation, and assume that simply associating 
sufficient perceptual context (perhaps including recent memory of prior events) to action 
responses will allow an individual to have an otherwise undifferentiated set of stimulus-
response pairs to form the representation for learning a new task. However, this is not what 
humans or other animals appear to do. In extensive experimentation with modeling human 
learning, Anderson et al. (1997) determined that intelligence driven by sense-action pairs 
requires specification of a subset of pairs to be active in a particular task context. Even within 
the task-specific subset, they also require each pair to be associated with a probability for 
being useful, referred to as a “utility value”.  
Rather than probabilities of success, accurate representations of “priority” of one task-
element over another are needed to guarantee task consummation. There is evidence that this 
better describes the behaviour of monkeys at least (Bryson and Leong, 2006; Wood et al., 
2004), as well as being a useful representation for organizing artificial intelligence (Bryson 
and Stein, 2001; Bryson, 2003). There is also evidence of neural representations for meta-
level task information such as order in a sequence (Tanji, 1996).  
If there are limits to the number of discrete task steps that can be imitated 
programmatically, then this indicates that gesture imitation may require a completely different 
representation. One could imagine that gestures could be extended sequences of many body 
 232
or coordinate mappings. However, there is no neurological means by which rapid sequences 
of action expression can be launched independently each in response to the other (Lashley, 
1951; Henson and Burgess, 1997; Davelaar, 2007). In other words, muscle firing cannot be 
integrated.  
If apes were not capable of full gesture imitation, how would they perform “do as I do” 
tasks? These involve imitating the gestures of a demonstrator (normally human) such as 
clasping one's self, or jumping up and down (Custance et al., 1995). These sorts of imitation 
certainly do require some kind of body mapping, and a process of action sequencing. But 
because chimpanzee and human bodies are similar, it may be that a very low resolution 
representation of the body configuration at the start and end points of the demonstration is 
sufficient to generate comparable actions within the tolerance required by those coding this 
research (see Custance et al., 1995, for further discussion). When species are less-closely 
related, less careful body mapping is sometimes demonstrated (Custance et al., 1999). Even in 
human children, precise body mapping is only followed when the children assess it to be an 
important part of the demonstration (Gergely et al., 2002).  
 
6.2.7 Experimental limitations 
A limitation of the Bastrop experiments was the use of an “observation phase”, during 
which the tool was handed only to the model and, in cases where an observing chimpanzee 
gained control, the experimenter would withdraw the apparatus. This observation phase was 
intended to allow each individual sufficient time to observe the correct method before having 
a try at it themselves. However some commentators may argue that such a manipulation could 
shape the behavioural outcome and render the study less naturalistic. Because of the physical 
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separation between the corrals, the “observation phase” was not a factor when transferring 
between groups. 
Future research should take into consideration experimenter presence and its potential 
impact as a stimulus enhancer. Particular care was taken in each of my experiments to reduce 
experimenter impact as much as possible limiting the interaction with the chimpanzees and 
only intervening when problems with the apparatus occurred (see section 2.3.5 in chapter 2). 
Ideally the experimenter would not be visible to the chimpanzees. This can be achieved by 
building a panel divider that could stand between the experimenter and the chimpanzees, 
keeping the experimenter hidden from view. In the Bastrop case building such a divider was 
impractical; the divider would have to be strong enough to withstand chimpanzees attempting 
to break it or push it down (i.e. metal or heavy duty wood), it would have to withstand being 
blown over by winds and easy to move between compounds by one experimenter several 
times a day. The occluder should not obstruct the view of observing chimpanzees in the 
adjacent corrals during the “between groups transference” stage and it must allow for 
ventilation (for the experimenter) during extreme weather conditions.  
Chimpanzees in the Bastrop experiments were required to reach through window bars 
to manipulate the apparatus, effectively limiting the possible manoeuvres of each chimpanzee 
based on the size of their individual hands and the thickness of their arms. Some chimpanzees 
had thicker arms and therefore could only reach slightly past their wrist, while others had slim 
arms and could reach out all the way to their shoulders. This restriction could have an impact 
on the time taken by each individual to solve the task and the general patterns of diffusion. 
Future work should make use of an apparatus that is strong enough to be placed inside the 
enclosures and withstand the rough handling of the chimpanzees.  Such an apparatus must 
remain accessible to the experimenter for baiting and repairs. Placing the apparatus inside the 
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enclosure also makes the setup more naturalistic and eliminates the need for creating an 
occluder to cover the experimenter. 
Comparisons across sites (such as Yerkes and Bastrop) can be influenced by the 
practices of the keepers, enrichment, administrative styles and location specific training 
approaches. I have already discussed the difference in enrichment practices between Bastrop 
and Yerkes but it is also worth noting that the Bastrop facility is very dedicated to fostering 
cooperation amongst chimpanzees during feeding times in order to reduce aggression within 
the group. Dominant individuals are encouraged to sit and stay in one place during group 
feeding sessions to allow lower ranking members to obtain their share of food. In addition to 
reducing or eliminating competition for food as a major source of aggression, socialization 
training techniques may impact the behaviour of chimpanzees in other situations, such as 
competition during experimental sessions. It is not clear whether socialization training takes 
place at Yerkes. One could speculate that egalitarian or cooperative groups may function 
differently than those which are more despotic. Cooperative groups may solve tasks quicker 
and achieve an overall better level of functioning thank their more aggressive counterparts. 
Social dynamics in egalitarian groups may also impart different functioning abilities onto the 
group as a whole. Future research should carefully consider the difference (if any) in general 
functioning, social dynamics and cognitive difference between groups that are shaped to be 
more cooperative. 
In addition, apparatus design should always consider and mimic naturalistic objects 
found in the wild. The colours used and the actions required should be akin to items found in 
nature. Finally experimental testing in the laboratory should be replicated with wild 
populations, using the same naturalistic devices. 
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6.3 Conclusion 
It is possible to extrapolate what is likely to separate some aspects of human 
behaviour and cognition from that of other animals through a critical analysis of my own 
observations and findings in the literature. Humans and other animals may each (to a different 
degree) be capable of various low-level and high-level cognitive processes. Future research 
may be more informative if it focuses on understanding the conditions under which each 
cognitive process is likely to be activated and how it interacts with other mechanisms.  
 
6.3.1 Protean cognition- the interplay of processes  
In order to conclusively demonstrate whether chimpanzees at Bastrop are emulating or 
imitating a ‘ghost’ condition experiment was conducted using the Pan-pipes (Hopper et al. 
2008) and the findings demonstrated that novel behaviour is not easily acquired merely by 
watching movements of the tool and apparatus. Instead, an observer was more likely to copy 
if a conspecific was present operating the apparatus. This also suggests that imitation is the 
underlying social learning mechanism. 
Ghost conditions were not carried out using the Probe-task or the Turn-ip due to time 
constraints. Future research should employ a ghost technique using the same procedures and 
experimental manipulations described for the Probe-task and the Turn-ip to uncover 
conditions under which individuals imitate the model’s more precise actions or techniques 
versus emulating the end result of a demonstration (Call et al., 2005).  
Nonetheless a critical analysis of my findings in light of the existing literature can 
yield some interesting conclusions. Children (in my HAF study) and chimpanzees (in the 
experiments reported in this manuscript and those tested by Hopper et al. (2008) Marshall and 
Whiten, (2005)) used their own prior experiences to guide whether they chose to emulate the 
overall goal or imitate the precise means used by others. After chimpanzees in my 
 236
experiments went through an initial exploratory phase (baseline condition) with each device 
(manipulating the tools in the Probe-task and then by touching and pressing levers and the 
disc of the Turnip) they appeared to realize that their independent experience is insufficient to 
achieve solving the complex tasks using their own means. They then started to show greater 
attention to the precise means demonstrated by the expert. Only after observing the successful 
model manipulating specific levers (or tool) did they abandon pressing irrelevant levers and 
focus on the ones used by the others in the group.  
Chimpanzees in my studies appeared to initially attempt to use behaviours in their 
own repertoire to solve the tasks and later selectively imitated the precise actions they 
observed in those cases in which another’s means were likely to be important for completing 
the task at hand. This was evident in both Probe-task and Turn-ip results in that initially many 
corruption events emerged only to later correct to the technique demonstrated by the expert. 
Furthermore Marshall and Whiten (2005) showed that chimpanzees exhibit a decrease in 
unnecessary action over time suggesting that chimpanzees initially adopt and emulative 
strategy and when emulation is not sufficient they adopt an imitative approach.  Children in 
the HAF study also became more proficient at the task on later trials. Whiten (2005) 
concluded that children often prefer to imitate rather than emulate, even in cases when 
imitation is not the best option. Chimpanzees (in the Probe-task and the Pan-pipes) and 
children (in the HAF study) were not confined to rote, fixed, and automatic imitation but 
flexibly and selectively varied what means they reproduced depending on specific factors in 
the situation. In choosing whether to emulate or imitate, what to imitate and when to do so, 
chimpanzees and children combine information from multiple sources: prior experience of the 
self, and the observed causal efficacy of the acts of others are two of these sources. 
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A growing body of literature indicates that various cognitive mechanisms are 
available to both humans and other animals. These mechanisms trigger under different 
circumstances and become activated once certain conditions are fulfilled.  
I do not think that the “emulation versus imitation” argument and other arguments that 
try to distinguish between the activities of one mechanism over another will reach a clear cut 
conclusion that one mechanism and not others is responsible for imitation, emulation, 
cumulative culture, and other high-level processes. Instead, I expect that multiple cognitive  
mechanisms (including imitation, emulation, SE, LE, OC, social facilitation, etc.) engage in a 
constant interplay with one another allowing individuals to select which process to engage 
based on the context of the situation- I will refer to this as “protean cognition” (in lieu of the 
flexibility and versatility of the processes involved). When the connection between different 
mechanisms is of a particular configuration and complexity it allows for various advanced 
processing systems to interact with one another (across domains) in a multi-lateral fashion. In 
this view humans have highly advanced protean cognitive abilities that surpass those of other 
species and it is this capacity that allows for cumulative culture.  
 
6.3.2 Physical and social causality- an example of protean cognition in human children 
It is well knows that in addition to using imitation to learn about physical causality, 
human children also use imitation socially, to affiliate or communicate with others 
(Carpenter, 2006; Meltzoff, 2007; Nielsen, 2006; Uzgiris, 1981). Behaviors used as means for 
accomplishing physical goals often involve causally plausible manipulations of objects (e.g., 
using a tool or pressing a lever to open a door), but those used for social causality can be 
more distinctive, arbitrary, and idiosyncratic, especially when there is a shared history. The 
imitation of unusual social acts is often incorporated into identification routines (for example 
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cultural practice) and used in social communication to establish and maintain common 
ground.  
Important cultural conventions often revolve around arbitrary acts; the in-group knows 
the routine, which fosters group membership and cohesion (see conformity and conservatism 
discussion above). Thus, the criteria used for choosing what to imitate may be very different 
in cases of physical causality versus social causality. The standard physical causality case 
may lead children to emphasize the goal (emulation), and the standard case of social causality 
and communication may lead children to emphasize the precise style and manner of the acts. 
Physical and social causality show just how flexible protean cognition can be in selecting the 
specific (and most suitable) processes to use based on the context of a given situation. It is 
important to note, however, that the findings of Williamson et al. (2008) show that even in 
cases of physical causality, prior experience with the task and evidence about the causal 
efficacy of the model can focus children on the precise means used. 
 
6.3.3 Domain general processing 
Humans make use of their cognitive ‘arsenal’ in a domain general fashion (Premack, 
2007). Non human animals on the other hand appear to be more limited in their ability to 
generalize the function of each cognitive process. Instead of trying to decisively come to the 
conclusion that it is only emulation or only imitation (or that some animals do not have the 
capacity for transitive inference or causal reasoning and other abilities- many experiments 
show that they do at least at a rudimentary level), research should focus on how human brains 
are able to generalize and bring together the different cognitive mechanisms available to them 
and why other animals may not be capable of this.  
What makes cumulative culture possible is not just the ability to imitate with high 
fidelity or to possess a basic theory of mind; it is not a simple understanding of causal 
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relations or the ability to teach, not just a capacity for language, planning or transitive 
inference, it is not just one thing. What makes cumulative culture possible is advanced 
protean cognition- the capacity for all the cognitive mechanisms to work in unison as one 
“super unit”.  
 
6.3.4 The bicycle analogy 
As an example of how human brains are both qualitatively and quantitatively different 
than other species let me make the analogy of a bicycle; deconstructed into individual parts 
(i.e. wheels, chains, pedals, gears frame an so on) each piece does not afford the same 
function of a bicycle and indeed it is not a bicycle at all, but when you organize the 
components together in such a configuration that makes up the bicycle you end up with a 
useful transportation machine.  
Applying the bicycle analogy to the hominid brain one can conceive of each cognitive 
mechanism in much the same way as a bicycle part; once each part (or mechanisms) was 
brought to interact with the other parts in a way to maximize function, it gave way to complex 
hominid cognition. In this view non-human animal brains can be seen as deconstructed 
versions of the hominid brain, making them qualitatively different than that of our ancestors. 
Furthermore, hominid brains also became quantitatively more advanced; in keeping with the 
bicycle analogy, hominid brains can be seen as being equipped with many more “wheels” (in 
the same way that a tricycle provides more stability), many more intricate “gears” (allowing 
for more advanced processing), and additional “accessories” such as “mudguards” (to avoid 
spray from puddles), “chain guards” (to prevent oil splatters), “kick stands” (to keep the 
bicycle upright) and so on. In time the hominid “bicycle” became more intricate (through 
increasingly more sophisticated molecular processing of nerve impulses and by growing in 
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volume; Emes et al, 2008) evolving into the human brain, turning it into an intricate 
motorcycle.  
In the same way that genetic variation allows for biodiversity amongst animals, 
“cognitive diversity” increases the total number of mental characteristics in the cognitive 
makeup of a species. Advanced protean cognition may have paved the way to the 
extraordinary human ability for cumulative culture, theory of mind, cooperation and amongst 
other things consciousness as we know it today. 
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APPENDIX TABLE A3.1 - Differences between groups in use of alternative techniques 
(Mann-Whitney U-test) 
 
Median %stab     
Seeded stab  Seeded slide  U Z P (2-
tailed) 
B1: 100 (n=4) B4: 0 (n=8) 2 2.78 0.016 
B2: 100 (n=7) B5: 0 (n=7) 5 2.61 0.011 
B3: 100 (n=9) B6: 0 (n=8) 0 3.81 <0.001 
     
Median % ratchet     
Seeded ratchet-
then-slide  
Seeded turn-then-
press  
   
B1: 100 (n=6) B4: 0 (n=6) 0 3.047 <0.001 
B2: 100 (n=7) B5: 0 (n=8) 0 3.363 <0.001 
B3: 100 (n=10) B6: 0 (n=9) 0 3.979 <0.001 
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APPENDIX TABLE A4.1 Rank order observation form. 
 
RANK ORDER OBSERVATION FORM 
 
MD Anderson Cancer Center 
Antoine Spiteri- School of Psychology 
SPRG, Univ. of St. Andrews 
 
 
Date                     Time                     Group  B6              Notes: 
 
Aggressive – Grooming – Tool – No Tool
(Circle behaviour measured from list above) 
 
 
  
Initiator 
ID Huey Pierre Mary Martha Tinker Cecilia Kelley Betsy Zoe  
Huey           
Pierre           
Mary           
Martha           
Thinker           
Cecilia           
Kelley           
Betsy           
Zoe           
R
ec
ep
to
r 
           
 
Table A 4.1 - This is an example of the form used to chart affiliative behaviours in group C8. 
A similar form was used for other groups using respective names. Four matrix forms each 
measuring a different type of behaviour (aggressive, grooming, tool and no tool) were used 
during each session to document all relevant activity. 
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APPENDIX TABLE A4.2 Correlations 
 
CORRELATIONS Across Tasks CORRELATIONS  Task-Rank 
Probing - Turnip Probing Turnip 
 r p r p r p 
C8 B1 0.643 0.086 0.024 0.955 0.829* 0.042*
C6 B2 0.738 0.037 0.000 1.000 0.900* 0.037*
C4 B3 0.836 0.001 0.627 0.039 0.845 0.001
C3 B4 0.400 0.286 -0.200 0.606 -0.600 0.088
C5 B5 0.643 0.086 -0.262 0.531 0.310 0.456
C7 B6 0.952 0.000 0.964 0.001 0.952 0.001
 
 
Table A4.2 - Correlation between rank and order of acquisition. Items in bold denote high 
significance and those denoted with an “*” indicate that correlation became significant only 
when males were removed from the equation. 
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APPENDIX FIGURE A4.1 – Probing Device; Charts showing “who watched whom?” for group B2. This is a representation of actions observed by each 
individual in the group before becoming successful at extracting the reward themselves. Arrows link mother to offspring. Each columnar cluster represents 
the individual being observed, identified by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below each individual’s id show the 
percentage of actions performed by that individual before becoming successful at extracting the reward. 
APPENDIX FIGURE A4.2 – Probing Device; Charts showing “who watched whom?” for group B3. This is a representation of actions observed by 
each individual in the group before becoming successful at extracting the reward themselves. Arrows link mother to offspring. Each columnar cluster 
represents the individual being observed, identified by their codename on top. Each row cluster represents the actions observed by the chimpanzee 
identified by their codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below each 
individual’s id show the percentage of actions performed by that individual before becoming successful at extracting the reward. 
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APPENDIX FIGURE A4.3 – Probing Device; Charts showing “who watched whom?” for group B4. This is a representation of 
actions observed by each individual in the group before becoming successful at extracting the reward themselves. Arrows link 
mother to offspring. Each columnar cluster represents the individual being observed, identified by their codename on top. Each row 
cluster represents the actions observed by the chimpanzee identified by their codename to the far right of each row. Subjects are 
listed top-to-bottom by the order of acquisition. The graphs below each individual’s id show the percentage of actions performed 
by that individual before becoming successful  
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 APPENDIX FIGURE A4.4 – Probing Device; Charts showing “who watched whom?” for group B5. This is a representation of actions 
observed by each individual in the group before becoming successful at extracting the reward themselves. Arrows link mother to 
offspring. Each columnar cluster represents the individual being observed, identified by their codename on top. Each row cluster 
represents the actions observed by the chimpanzee identified by their codename to the far right of each row. Subjects are listed top-to-
bottom by the order of acquisition. The graphs below each individual’s id show the percentage of actions performed by that individual 
before becoming successful at extracting the reward.
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 APPENDIX FIGURE A4.5 – Probing Device; Charts showing “who watched whom?” for group B6. This is a representation of actions 
observed by each individual in the group before becoming successful at extracting the reward themselves. Arrows link mother to offspring. 
Each columnar cluster represents the individual being observed, identified by their codename on top. Each row cluster represents the actions 
observed by the chimpanzee identified by their codename to the far right of each row. Subjects are listed top-to-bottom by the order of 
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APPENDIX FIGURE A4.6 – Turn-ip Device; Charts showing “who watched whom?” for group B1. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX FIGURE A4.7 – Turn-ip Device; Charts showing “who watched whom?” for group B2. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX FIGURE A4.8 – Turn-ip Device; Charts showing “who watched whom?” for group B3. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX FIGURE A4.9 – Turn-ip Device; Charts showing “who watched whom?” for group B4. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX FIGURE A4.10 – Turn-ip Device; Charts showing “who watched whom?” for group B5. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX FIGURE A4.11 – Turn-ip Device; Charts showing “who watched whom?” for group B6. This is a 
representation of actions observed by each individual in the group before becoming successful at extracting the reward 
themselves. Arrows link mother to offspring. Each columnar cluster represents the individual being observed, identified 
by their codename on top. Each row cluster represents the actions observed by the chimpanzee identified by their 
codename to the far right of each row. Subjects are listed top-to-bottom by the order of acquisition. The graphs below 
each individual’s id show the percentage of actions performed by that individual before becoming successful at 
extracting the reward. 
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APPENDIX TABLE A5.1 HAF protocol for child participants 
 
When the teacher invites a child from the classroom:  
  
‘Billy/Bobby/Benny! It’s your turn to go with Mr. Spiteri now’ 
 
Observation Phase: 
 
‘You sit here. Watch what I do because later one I’m going to let you have a go (directing the child’s 
attention to the HAF).’  
 
If child is distracted during watching: 
 
‘Watch what happens because you are going to have a go in a minute.’ 
 
Repeat as necessary! 
 
After two demonstrations each child was presented with the box and told,  
 
‘You ready to have a go?’ 
 
If the child does not interact with the HAF, or asks for help: 
 
‘Take another look at the box and see if you can think of something else that needs to be done’ 
 
‘What do you think you need to do next? Can you show me.’  
 
Repeat twice if necessary. 
 
Then, if the child is still reluctant to continue. 
 
‘You’re doing very  well. Can you show me what you think you need to do?’ 
 
Repeat as necessary. 
 
After the child has a go, another demonstration is given and then the child is presented with the HAF 
and the sames steps as above are followed. 
 
Sometimes the child will require help at a number of given stages. The bolts may be a little stiff, other 
times it can be difficult for them to fully turn the knurled wheels in level 4. In this case it is ok to 
intervene and assist the child as the action is unlikely to have any effect on the variables measured in 
this study.  
 
If the child gives up halfway through and refuses to continue after the repeated encouragements then 
testing stops. Alternatively the task may end because the child is successful at retrieving the sticker.  
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Multiple regional differences in tool use have been identiﬁed among wild chimpanzees, Pan troglodytes, but
the hypothesis that these represent traditions, transmitted through social learning, is difﬁcult to substan-
tiate without experimentation. To test chimpanzees’ capacity to sustain traditions, we seeded alternative
tool use techniques in single individuals in different captive groups. One technique, ‘Lift’, spread in the
group into which it was introduced and not in chimpanzees who saw no model or whose group was seeded
with the alternative technique, ‘Poke’. Poke was also not discovered by control animals tested individually.
However, Poke emerged spontaneously in the Lift group and became dominant in both groups, regardless
of the founder’s Lift or Poke technique. Accordingly, this study demonstrated a statistically signiﬁcant,
differential spread of alternative techniques through social learning, yet no clear separation of traditions,
unlike an earlier study with a different population of chimpanzees. This difference may be attributable to
prior experience with relevant tools. In further experiments we investigated the basis of the social learning
evident in acquisition of the Lift technique, using ‘ghost’ conditions in which the task was operated
automatically rather than by a chimpanzee. Differential movement of the feeding device either by itself
or with the tool coupled to it was not sufﬁcient for learning to occur. It appears necessary for a chimpanzee
to observe another chimpanzee performing the Lift technique for transmission to ensue.
 2007 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Keywords: chimpanzee; culture; emulation; imitation; Pan troglodytes; social learning; tool use; traditionDecades of ﬁeld research on wild chimpanzees, Pan troglo-
dytes, have documented numerous regional differences in
behaviour which have been attributed to social learning,
and thus described as traditions or cultural variations
(McGrew 1992, 2004; Boesch & Tomasello 1998; Whiten
et al. 1999; Boesch 2003; Whiten 2005). A variety of cir-
cumstantial evidence has been marshalled to substantiate
this cultural interpretation. Alternative genetic or environ-
mental explanations that may account for these regional
differences have been rejected because even geographi-
cally close communities show the behavioural variations
Correspondence: A. Whiten, School of Psychology, University of
St Andrews, St Andrews, KY16 9JP, U.K. (email: aw2@st-andrews.ac.
uk). S. P. Lambeth and S. J. Schapiro are at the Department of
Veterinary Sciences, The University of Texas M. D. Anderson Cancer
Center, 1515 Holcombe Boulevard, Houston, TX 77030, U.S.A.10
0003e3472/07/$30.00/0  2007 The Association for the Sof interest. In addition, social-learning opportunities
have been shown to correlate with predicted differential
outcomes, both within (Lonsdorf et al. 2004) and between
(van Schaik et al. 2003) communities.
However, under ﬁeld conditions it is difﬁcult to exclude
the possibility that some undetected environmental or
other noncultural factor is responsible for the observed
variations, in the clear way that an experimental in-
tervention can demonstrate (Tomasello 1990; Laland &
Hoppitt 2003; Galef 2004). Logistic and ethical constraints
have meant that ﬁeld experimentation has been limited to
the introduction of novel materials (Matsuzawa 1994; Biro
et al. 2003). Studies using the crucial contrast of experi-
mental (with a model, permitting social learning) and
control (no model) conditions have been limited to cap-
tive populations (reviewed in Tomasello & Call 1997;
Whiten et al. 2004) and these have typically been
restricted to one-to-one learning, so leaving unclear the21
tudy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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cient to sustain traditions. Those few studies conducted
at the group level have lacked control conditions designed
to reject the hypothesis that the spread of new behaviour
patterns reﬂects learning at the individual level (Tonooka
et al. 1997; Huffman & Hirata 2004).
Whiten et al. (2005) therefore conducted a captive study
which combined experimental and control conditions
with the powerful two-action method used to investigate
imitation (Dawson & Foss 1965; Galef et al. 1986;
Akins & Zentall 1996; Shettleworth 1998). In this study,
a member of one group of chimpanzees was trained to
use one of two alternative tool use techniques before rein-
troduction to her group, while a member of a second
group was trained in the alternative technique before rein-
troduction. Both groups were then compared to members
of a third, control group who were exposed to the task
with no model present. The latter failed to solve the
task, whereas the alternative techniques seeded in the
two experimental groups spread differentially, providing
the ﬁrst experimental evidence of alternative traditions
diffusing among groups of primates. To our knowledge,
this experimental design for studying the transmission
of two alternative traditions has been completed before
only in a study of rats, Rattus norvegicus, that concerned
choices between two different diets (Galef & Allen 1995)
rather than behavioural techniques. A further study seed-
ing two alternative techniques, not related to tool use, in
capuchin monkeys, Cebus apella, is in progress (Fragaszy
et al. 2004, page 255). These studies add to a small but
growing corpus of controlled, experimental studies
designed to investigate the transmission of traditions in
chimpanzees (Menzel et al. 1972), rats (Laland & Plotkin
1990), guppies, Poecilia reticulata (Laland & Williams
1997; Reader & Laland 2000), blackbirds, Turdus merula
(Curio et al. 1978), pigeons, Columba livia (Lefebvre
1986) and humans (Mesoudi & Whiten 2004). However,
these studies have typically used simpler designs where
a single experimental group is compared to a control
group, or to the behaviour of the experimental subjects
during a baseline condition, permitting only weaker con-
clusions about what is learned than in the three-group,
two-action design of Whiten et al. (2005) and the present
study.
Given so few studies with primates, one of our primary
goals in the present study was to replicate the multiple
group approach of Whiten et al. (2005) using a different
population of chimpanzees. In addition, whereas Whiten
et al. tested their control subjects through initial solitary
exposure followed by exposure in small groups of two to
four animals, we were able to use a population sufﬁciently
numerous to permit a control condition to be run in
a whole group of similar size (9) to that of the experimen-
tal group, so complementing the individual control tests
of Whiten et al. (2005) and exploring the possibility that
such a potentially supportive social context may facilitate
individual exploration and learning.
Finally, we conducted experiments to examine the
mechanisms underlying the transmission of the docu-
mented behaviour. In particular we focused upon the
distinction between whether observers learn informationabout the model’s actions or about the objects that are
being moved (Call & Carpenter 2002). To test this we used
what has been called a ‘ghost’ condition (Heyes et al.
1994), in which the objects of interest are made to move
surreptitiously by experimenters, with no conspeciﬁc
model involved. Following a study by Heyes et al. (1994)
pioneering this approach with rats, the ghost condition
has been used in a small number of other studies, involv-
ing starlings, Sturnus vulgaris (Fawcett et al. 2002), pigeons
(Klein & Zentall 2003) and children (Thompson & Russell
2004). Only one previous study using a ghost condition
has been completed for nonhuman primates (Tennie
et al. 2006), even though primatology has been a particu-
larly prominent context for discussions about the role of
object movements in social learning (Whiten et al. 2004;
Call et al. 2005). However, Tennie et al.’s (2006) study
used a simple task in which a small door was either
pushed or pulled open, which did not provide evidence
of social learning in apes even in the live model condition,
rendering the ghost condition redundant. The relatively
complex tool use task used in our experimental study of
traditions may be more instructive for this approach.
Since the whole apparatus was on the experimenter’s
side of the chimpanzees’ enclosure, ﬁne ﬁshing line could
be used to make parts of it move as if manipulated by an
invisible chimpanzee; this made it possible to apply two
different levels of ghost condition, in one making the de-
vice operate to release food as if moved by an invisible
tool, and in the other adding the tool, moved as if by
an invisible hand. In neither case was a chimpanzee
model present. In this way we completed the ﬁrst inves-
tigation of whether witnessing such movements would
be sufﬁcient for chimpanzees to learn a tool use tech-
nique earlier demonstrated to be a socially transmitted
tradition.
EXPERIMENT 1: ALTERNATIVE TRADITIONS
Methods
Initial and amended experimental designs
The experimental design with which we began experi-
ment 1 was amended in the course of the project because
of the responses of the chimpanzees in two of the
conditions. The initial design incorporated four popula-
tions of chimpanzees, each exposed to a different condi-
tion: (1) experimental group L, seeded with an individual
performing the Lift technique described below; (2) exper-
imental group P, similarly seeded with an individual
proﬁcient in the alternative Poke technique; (3) control
‘group’ I, with 12 control chimpanzees individually
exposed to the apparatus but with no trained model;
and (4) control group C, exposed to the apparatus as
a group, again with no model. We intended the contrast
between groups L and P to provide information on the
spread of alternative techniques, while contrasts between
these and the two control conditions would further clarify
what chimpanzees learned by observation, over and above
their spontaneous responses to the task. Condition 3
replicated the individual control testing in Whiten
HOPPER ET AL.: TRADITIONS IN CHIMPANZEES 1023et al.’s (2005) study, but condition 4 was new, included to
check whether with time and the support of the whole-
group context, chimpanzees might eventually discover
one of the techniques spontaneously. From the previous
negative control results (Whiten et al. 2005) we predicted
they would not, so we expected to have a further nine
controls (the size of group C).
Unfortunately, unlike the model in group L and those
used by Whiten et al. (2005), the model in group P was re-
luctant to perform in the group context, and a second
trained model also proved to be poorly motivated. At
the same time, one of the techniques (Poke) was sponta-
neously performed in control group C. Since the method
discovered by this chimpanzee (BE) was the very one we
had attempted to seed in group P, and this negated further
use of group C to collect control data, we treated group C
henceforth as the second ‘seeded’ group, and set aside
group P for the remainder of the present study. Below
we report data initially from the perspective of C as group
control (no model), and then go on to compare groups C
and L from the point where each had an initial model per-
forming one of the two different techniques.
Subjects and housing
All the chimpanzees were housed at The Michale E.
Keeling Center for Comparative Medicine and Research of
The University of Texas M.D. Anderson Cancer Center in
Bastrop, Texas, U.S.A. (‘Bastrop’). Table 1 summarizes
demographic details for all participants. Chimpanzees in
groups C and L were studied in their outdoor corrals
(diameter 21.3 m) each of which also had adjoining
indoor quarters. Chimpanzees in the individual control
condition were housed in groups of two to ﬁve, with out-
door enclosures either 2.4  3.7 m and 2.4 m high or
10.4 m in diameter, and inner housing (in which they
were tested) 2.4  2.4 m and 1.8 m high.
During testing the chimpanzees were not food deprived.
Each day they received two feeds of chow and three feeds
of fruits and vegetables, with constant access to water. The
animals were housed in facilities that have been accredited
by the Association for the Assessment and Accreditation of
Laboratory Animal Care International, and in accordance
with current United States Department of Agriculture,
Department of Health and Human Services, and National
Institutes of Health regulations and standards. This and
the second experiment were approved by the University of
Texas Institutional Animal Care and use Committee.
Table 1. Demographic details for experimental and control subjects
Groups
IndividualsC L
Total number of chimpanzees 10 9 12
Number of males 4 2 9
Number of females 6 7 3
Mean age (years) 16 27 28
Oldest individual (years) 24 43 43
Youngest individual (years) 4 3 14Apparatus and techniques trained
The apparatus was the same ‘Pan-pipes’ used by Whiten
et al. (2005). This apparatus consists of two sloping pipes
lying one on top of the other, forming a solid unit (Fig. 1).
From the rear, a food reward could be rolled by the exper-
imenter into the upper of the two pipes, where it was trap-
ped by a blockage. The food rewards used throughout the
experiment were grapes and breakfast cereal pieces that
would roll down the pipes.
The Pan-pipes apparatus was presented outside the
chimpanzees’ enclosure such that its nearest point to the
caging mesh was 20 cm. We gave the chimpanzees a stick
tool 45 cm long and 18 mm thick, affording them alterna-
tive ways of freeing the trapped food from the Pan-pipes
outside their enclosure. The tool was tethered to the appa-
ratus by a cable 2 m long. We trained one chimpanzee in
group L to use the Lift method, whereby the tool was in-
serted under the T-bar attached to the top of the blockage
and raised up, lifting the blockage and allowing the food
reward to roll forward, so it dropped into the lower pipe
and rolled down a chute to the chimpanzee. The blockage
could not be removed from the pipes, and so when re-
leased fell back into position. In the alternative Poke
method that a chimpanzee in group P was trained to per-
form, and that another in group C discovered, the tool
was pushed through a small ﬂap covering the entrance
to the upper pipe, forcing the blockage and food up the
pipe until the food dropped into the lower pipe and rolled
out down the chute. The blockage then slid back down to
its resting position. Once the blockage was pushed back it
could not be lifted and, conversely, when lifted it could
not be pushed back: the Lift and Poke techniques were
mutually exclusive.
We judged these two techniques to be relatively novel
for these chimpanzees. Using a stick to lift things has not
been described in wild chimpanzees and had not pre-
viously been observed in the Bastrop groups. Poking with
sticks is common in the wild and is used by chimpanzees
at Bastrop to obtain ﬂuid from enrichment devices, but
poking with sticks as a means to retrieve food by pushing
it away we thought to be novel. In addition, the enrich-
ment devices provided to the chimpanzees at Bastrop
require a stick to be pushed down at a 45-degree angle,
whereas the Pan-pipes require the chimpanzee to insert
a tool upwards through the mesh, requiring signiﬁcantly
different motor movements. We aimed to make the Poke
method as difﬁcult as Lift by covering the poking-hole
with a hinged ﬂap, but the experimental design does not
depend on the two techniques being precisely matched in
difﬁculty: the prediction is simply that the relative
prevalence of the techniques will be affected by the nature
of the ﬁrst model introduced. Another possible technique
was pushing the blockage backwards by placing the tool
end against the T-bar on the outside of the pipes.
Procedure
For experimental group L, we chose a high-ranking
female (MY) as a model so that she would be unlikely to be
displaced from the apparatus and would thus provide
ample observation opportunities to other group members.
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Figure 1. Pan-pipes apparatus showing diagrammatic representation of (a) the Lift and (b) the Poke methods and (c) the Lift and (d) Poke
methods from the perspective of the operating chimpanzee.She was trained in the Lift technique through shaping and
positive reinforcement, out of sight of the rest of her
group. Once she achieved 30 consecutive successes using
this technique she was judged a reliable model, and the
observation phase began with the release of the whole
group from their inner quarters into the outside enclosure,
at the side of which the Pan-pipes were placed. In the
observation phase, which occupied 20 min on each of 3
consecutive days, the model was allowed to operate the
Pan-pipes, but on the rare occasions that other chimpan-
zees acquired the tool, the experimenter pulled the appa-
ratus out of reach. This procedure was designed to ensure
that all chimpanzees had witnessed successful use of the
technique before attempting it themselves.
As in Whiten et al.’s (2005) study, once all the group
members had seen the model operate the apparatus suc-
cessfully on eight or more occasions, the experiment
progressed to an open diffusion phase in which any chim-
panzee gaining access to the Pan-pipes was allowed to con-
tinue. This phase ran for 23 h, occupying 5 test days spread
over a 15-day period during which work with the other
groups was also completed. Each session lasted for 3e5 h,
to facilitate access of even low-ranking individuals to the
task as performers became satiated and released the tool.
We recorded all sessions with a digital camcorder. To
facilitate later coding, the experimenter added a verbal com-
mentary on the identity of the chimpanzee operating the
Pan-pipes each time, andwhichchimpanzeeswerewithin the
1-m radius and oriented towards the Pan-pipes, indicating
they were watching closely what the model was doing.
Each of the 12 chimpanzees in the individual control
condition was separated from the one to four others withwhom it was housed for testing in the inner housing. The
Pan-pipes apparatus was placed near the mesh in the usual
way for 1 h, during which time the chimpanzee was able
to interact with the apparatus and tool as it chose. The ap-
paratus was baited at the start in view of the chimpanzee.
The rule for rebaiting was, as for the group tests, to rebait
as soon as the ﬁrst food reward was successfully retrieved.
Control group C was tested in the same way as the
individual controls, but as a group. Once one individual
(BE) spontaneously showed success (see Results below),
the procedure became essentially the same as in the
open diffusion phase with group L described above, ex-
cept that no chimpanzee had been trained as a model,
but was instead self-selected.
Coding
Chimpanzees’ actions were coded from videotape by
L.H. and A.S. (Table 2). An advantage of the two-action
Pan-pipes design is that the critical actions of Poke and
Lift were particularly clear and unambiguous because of
the very different ways in which the tool and the blockage
moved.
Results
Individual controls
None of the individual control chimpanzees discovered
how to apply the techniques of Lift or Poke to the Pan-
pipes and none gained a food reward. Two of the
chimpanzees (both male) made no contact at all with
the Pan-pipes, food chute or tool, but the rest interacted
HOPPER ET AL.: TRADITIONS IN CHIMPANZEES 1025with the task in varied ways (Fig. 2). The majority of chim-
panzees thus investigated the apparatus, but without dis-
covering a solution. To check our perception that this
outcome was not a result of apprehension occasioned by
Table 2. Coding categories applied to videotape analysis
Name Definition
Poke* Insert tool through flap door into top
pipe, pushing blockage completely
backwards; food reward released and
gained
Lift* Place tool under T-bar to raise T-bar
(and blockage); food reward released
and gained
Insert tool
‘Poke’*
Insert tool into the top hole, as for Poke,
but not far enough to release food
reward
Insert tool
‘Lift’*
Place tool under the T-bar, as for Lift,
but failing to raise it sufficiently to allow
a food reward to be released
Insert tool
‘Bottom’*
Insert tool into the bottom (food exit)
hole. No food reward gained
Hit other* Make contact between the tool and other
part of the Pan-pipes including food
chute, sides of the Pan-pipes and table;
no food reward gained
Touch food
chutey
Make contact with food chute with
either hand, mouth or foot
Touch tooly Make contact with tool with either
hand, mouth or foot
Touch cabley Make contact with cable with either
hand, mouth or foot
Pull cabley Hold cable or tool with hand and pull
the cable/tool away from the Pan-pipes
with force
*Codes used in the experimental, control and ghost conditions.
yCodes used in the control and ghost conditions.individual testing, we plotted contacts with the apparatus
separately for the ﬁrst and second 30 min of the test ses-
sion (Fig. 3). That contacts were highest in the ﬁrst half
of the test session (ﬁrst half median ¼ 7, mean ¼ 23; sec-
ond half median ¼ 1, mean ¼ 4.1) suggests that investiga-
tion was limited not by apprehension, but rather by
having explored the materials sufﬁciently for attention
to the Pan-pipes to wane.
Control group C
Like the individual controls, members of group C also
investigated the apparatus, but differed in that after
20 min, a mid- to high-ranking, 10-year-old female, BE,
achieved success through discovering the Poke method.
BE initially ineffectively inserted the tool into the bottom
hole, then explored around the apparatus with the end of
the tool, during which she discovered it could be inserted
into the critical Poke hole. She continued poking, moved
the obstacle back sufﬁciently and gained a reward, later
going on to repeat this successful approach.
It may be suspected that the chimpanzees in the group
control situation (group C) would have received less access
to the Pan-pipes than would chimpanzees tested individ-
ually for the control/baseline condition and that as
a consequence each animal in group C would have had
fewer interactions with the apparatus in the time available
to them. This was not the case, however, for when we
calculated the number of interactions per chimpanzee
for both those tested in a group setting and individually
there was no signiﬁcant difference, with the group mean
being the higher ﬁgure (group C: X SD ¼ 46:7 91:5;
chimpanzees tested individually: 26.5  48.2; two-tailed
(ManneWhitney U test: U ¼ 74.5, N1 ¼ 10, N2 ¼ 12, NS).0
10
20
30
40
50
N
u
m
be
r 
of
 a
ct
io
n
s
60
70
80
90
Chimpanzees
Make contact with tool
Make contact with cable
Make contact with Pan-pipes
Use tool to operate Pan-pipes unsuccessfully
CH
 (M
 1
4)
RO
 (F
 2
0)
 
GI
 (F
 4
3)
SI
 (M
 3
7)
SA
 (M
 2
0)
SK
 (M
 2
7)
ZI
 (M
 3
4)
PE
 (M
 4
2)
NI
 (M
 1
7)
JO
 (M
 3
3)
LA
 (F
 2
7)
AJ
 (M
 2
7)
M
ed
ian
 v
alu
e
M
ea
n 
va
lu
e
Figure 2. Frequency of action types on Pan-pipes by individual control subjects. Median and mean values are also given. The number of actions
within each coding category (as detailed in Table 2) were small and were thus collapsed as follows: Touch tool was termed ‘Make contact with
tool’, Touch cable and Pull cable were combined and termed ‘Make contact with cable’, Hit other and Touch food chute were combined and
termed ‘Make contact with Pan-pipes’ and the three Insert tool actions were combined and termed ‘Use tool to operate Pan-pipes unsuccess-
fully’. Each ID code is followed by sex (M, F) and age (years).
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Figure 3. Contacts of individual control subjects with Pan-pipes in the first and the second half of the test session. Median and mean values are
also given. Each ID code is followed by sex (M, F) and age (years).Once BE had achieved success, it was not possible to con-
sider the rest of the group as controls, because two chim-
panzees (LE and MU, both female) observed BE Poke. It
was not logistically feasible to remove BE from the group
setting at this point. Instead we compared the responses
of group C with those of group L, in which a model per-
forming Lift had been introduced.
Experimental groups L and C compared
In the 23 h of the open diffusion phase, all members of
group C were successful on at least one occasion and all
predominantly used the Poke technique, as had BE, the
ﬁrst to do so in this group (Fig. 4a). Three individuals per-
formed Lift on a total of just four occasions. These had the
appearance of being accidental insofar as these chimpan-
zees did not continue to use the Lift method after its ini-
tial discovery.
In group L, ﬁve members were successful on at least one
occasion, but three never were: a 3-year-old female and
two adult males. Although all members of group L
watched large numbers of Lift actions by the original
model, the successful individuals all applied the Poke
technique predominantly. However, they also used the
Lift method, and although this never occurred on the
scale of Poke, Lift was more common in group L than in
group C (Fig. 4b). To test this difference, following Whiten
et al. (2005), we computed % Lift ¼ [number of Lifts/
(number of Lifts þ Pokes)]  100 for the total number of
actions made within the 23-h open diffusion phase.
Across the whole experiment, this index, although never
large, was signiﬁcantly higher in group L ðX SD ¼ 19:7
54:6%Þ than in group C (0.4  0.1%; two-tailed Manne
Whitney U test: U ¼ 60, N1 ¼ 6, N2 ¼ 10, P < 0.05). For
two of these chimpanzees Lift peaked in the third quarter
of the test phase and in another two in the fourth quarter(Table 3), conﬁrming that this was not a response that
faded with time, despite the accumulation of opportuni-
ties for converging on Poke.
Discussion
What these ﬁndings tell us can be assessed in relation to
three principal questions. First, were traditions sustained?
The primary answer is no, insofar as both groups could be
characterized as pokers, even though one group had been
seeded with a model who lifted consistently throughout
the study. This contrasts with Whiten et al.’s (2005) study
at the Yerkes Center which generated a tradition of pre-
dominant lifters in one group and pokers in another.
However, at a ﬁner level of analysis there was some evi-
dence of traditions, for the statistically signiﬁcant differ-
ence in the percentage of Lift behaviour means that
group L sustained a different tradition to group C in
which, stimulated by the Lift actions of the model, it be-
came the custom to mix a small but signiﬁcant number
of Lift actions among a predominantly Poke-based reper-
toire. This is a technically accurate conclusion, but it
remains the case that at Bastrop, no very different tradi-
tions emerged in the way they had at Yerkes.
This bias towards one of the actions (Poke) is reminiscent
of that reported by Bugnyar & Huber (1997) in which mar-
mosets, Callithrix jacchus, showed a preference for one of
two techniques of a two-action imitation task (‘push’ rather
than ‘pull’). In a later study, Voelkl & Huber (2000) found
marmosets preferred one method (‘hand opening’) over
another (‘mouth opening’). Such preferences may reﬂect
‘preparedness’ (Seligman 1970) whereby animals are natu-
rally predisposed to certain behaviours and responses. This
may apply to the bias towards poking observed at both
Yerkes (weak bias) and Bastrop (strong bias).
HOPPER ET AL.: TRADITIONS IN CHIMPANZEES 1027A promising hypothesis to explain the difference in this
bias between the Bastrop and Yerkes populations arises
from the fact that environmental enrichment for chim-
panzees at Bastrop has regularly (often fortnightly and for
many years) included opportunities to dip bamboo sticks
into pipes that contain a variety of attractive foodstuffs.
Yerkes chimpanzees have had similar experience but
much more intermittently. Thus, Bastrop chimpanzees
may be so practised in poking that even having observed
Table 3. The number of Lifts used by each chimpanzee within each
of the four quarters of testing in experiment 1
Chimpanzee 1st 2nd 3rd 4th
MY (model) 682 580 140 499
CE 1 0 7 3
BE 11 5 1 190
KE 7 1 0 1
TI 0 0 1 0
MR 0 0 0 8
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Figure 4. (a) Lift and Poke actions by members of group C, capped
at 30 successes for each technique, shown by order of acquisition
beginning with BE, who discovered the technique and (b) Lift and
Poke actions by members of group L, capped at 30 successes for
each technique, shown by order of acquisition beginning with
trained model Mary (MY). Each ID code is followed by sex (M, F)
and age (years).a skilled chimpanzee use a Lift technique on the Pan-
pipes, their own work on the apparatus focused more on
opportunities for poking. We are currently examining
ways to test this experiential hypothesis, which may be
particularly signiﬁcant in relation to growing interest in
dissecting the interplay between individual and social
learning in skill acquisition (Laland 2004; Whiten et al.
2004; Horner & Whiten 2005).
A second question is whether chimpanzees’ adoption of
the Lift technique depended on social learning. Here, the
answer must be yes, for as in the Yerkes study, the Lift
technique occurred at nontrivial levels only in the group
seeded with a Lift model, and Lift was performed in that
group signiﬁcantly more often than in the group that had
an alternative model. The same social-learning effect was
thus evident in both the present study and Whiten et al.’s
(2005) study, but generated only weak forms of alternative
tradition at Bastrop.
Finally, we must consider whether chimpanzees’ adop-
tion of the Poke technique depended on social learning.
This question is more difﬁcult to answer deﬁnitively,
because of the contrast of the achievement of BE in the
group context with that of the individual controls. It is
clear that for three chimpanzees at least, Poke was adopted
without any copying of it from others: these were the ﬁrst
chimpanzee to adopt the Poke technique in group C
(which had no model), in group L (which started with
a consistent Lift model) and in the Lift-dominated group
at Yerkes. However, in favour of the importance of social
learning is the fact that individual learning opportunities
were insufﬁcient to permit mastery of the task for all 12
individual control subjects, as for those six tested in-
dividually and in small groups at Yerkes. Indeed, it
remains possible that apart from the single clear case in
which BE discovered the Poke method without sight of
any model, those that ﬁrst performed Poke in groups C
and L had learned something important about the task
from the models they watched performing Lift; and all the
remaining 12 members of groups C and L, as well as their
counterparts at Yerkes, had seen the Poke technique
before performing it. Nevertheless, considering all the
results together, we cannot know whether this observa-
tion was necessary for these subjects, or if they relied on
the same nonsocial processes that allowed BE to succeed.
This mixture of outcomes in the two groups conﬁrms
the value of using the multiple-group, two-action design.
If the study had incorporated only Poke and control
conditions, for example, the role of social learning would
have remained indeterminate. Instead, the contrast be-
tween groups seeded with Lift and Poke models provides
statistically signiﬁcant evidence of social learning, which
extended to strong evidence of traditions in the Yerkes
case and much more marginal evidence of traditions in
the present study. The role of the control conditions is to
indicate the relative importance of social learning for the
two techniques of interest. In the present study, it is the
Lift technique for which observational learning is most
clearly necessary.
Accordingly, in experiment 2 we used ghost conditions
to investigate further what information is necessary for
observational learning of the Lift technique.
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Methods
Subjects
We used 12 chimpanzees previously exposed to the Pan-
pipes in the individual control condition, none of whom
had learned to operate the apparatus successfully. The
experiment was designed to determine whether they
could learn the Lift technique by observing only the
relevant object movements (the affordances of the block-
age for being moved so as to release the food). We assigned
six chimpanzees to a basic ghost condition in which the
T-bar was lifted, with no tool present and the remaining
six to a ghost-with-tool condition, in which the tool was
attached to, and so appeared to lift, the T-bar. A further six
chimpanzees, na€ıve to the Pan-pipes, were also assigned to
a basic ghost condition to check that the prior exposure to
the Pan-pipes experienced by the other 12 subjects did
not determine their responses through habituation to the
task.
Procedure
For the basic ghost condition, a length of ﬁshing line
was tied to the top of the T-bar and looped through the
top of the chimpanzee’s caging to create an unobtrusive
pulley system with which the experimenter could covertly
raise and lower the T-bar. The Pan-pipes were placed in
front of the chimpanzee’s cage in the same orientation as
in the earlier experimental conditions, with the food
chute resting on a small bucket. The experimenter used
the ﬁshing line to raise the obstacle 225 times, the average
number of times that chimpanzees in group L had been
able to observe Lift during the observation phase. With
each Lift, a grape rolled out and along the food chute into
the bucket. To replicate further the experience of members
of group L, on every 20th demonstration the experi-
menter removed the bucket and placed the food chute
through the caging so that the grape fell into the
chimpanzee’s cage, thus simulating scrounging opportu-
nities that had occurred in the group situation. Ten
chimpanzees ate the grapes immediately; one watched
all appear but did not eat them, and another gathered
them quickly only when their cagemates were released to
join them at the end of the test session. All chimpanzees
watched these ‘demonstrations’, eight of them intently
throughout. When the ‘ghost’ demonstration had been
completed, the ﬁshing line was removed and the appara-
tus was presented to the chimpanzees in the normal way
for 1 h, as in the earlier individual control condition. The
ghost-with-tool procedure was identical to that of the ba-
sic ghost condition, except that the tool was tied under
the T-bar so the tool moved as if lifting the obstacle up.Results
Across all ghost conditions, only one of the 18 chim-
panzees, CH, successfully operated the Pan-pipes on
a single occasion, and this was through the Poke, not
the Lift method. The actions applied were no more
effective than in the earlier control tests (Fig. 5a, b, c). Al-
though these chimpanzees had watched numerous grapes
fall from the Pan-pipes and (with the exception of one
subject) gained and eaten all 11 items they received,
they showed no increase in actions likely to gain food.
To the contrary, the number of interactions with the appa-
ratus in the ghost conditions ðX SD ¼ 5:4 4:5Þ was less
than during the earlier individual control condition in
those chimpanzees that experienced both (26.4  44.5;
two-tailed ManneWhitney U test: U ¼ 104.0, N1 ¼ 12,
N2 ¼ 12, P < 0.05). For these subjects, there was no signif-
icant difference between the number of interactions in the
basic ghost condition (8.3  14.30) and the number of in-
teractions in the ghost-with-tool condition (2.5  2.8;
U ¼ 23.5, N1 ¼ 6, N2 ¼ 6, NS).
No signiﬁcant difference was found between the num-
ber of interactions in the basic ghost condition with
a prior baseline control phase (8.3  16.60) and the num-
ber of interactions in the basic ghost condition with na€ıve
subjects (7.7  12.0; two-tailed ManneWhitney U test:
U ¼ 16.0, N1 ¼ 6, N2 ¼ 6, NS).
Discussion
The ghost condition is often referred to as a ‘ghost
control’ i.e. a control condition for the main focus of such
studies, which are concerned with whether there is
evidence for imitation (Fawcett et al. 2002; Klein & Zentall
2003). The logic applied is that if the explanation for an
individual’s observational learning is a focus on the envi-
ronmental results of what the model does, often called
‘emulation’ (Tomasello 1990) or ‘affordance learning’
(Klein & Zentall 2003) the individual will learn in the
ghost control condition. If an observer does not learn in
the ghost condition, then the conclusion is that the obser-
vational learning already documented should properly be
classed as imitation.
We do not favour talk of the condition as only a ghost
‘control’, because we think it of equal interest whether the
learning is of an emulative character (learning in the ghost
condition) or not. This said, following the logic above, the
overwhelmingly negative results of the ghost condition
used in this study lead to the conclusion that those
chimpanzees who used the Lift technique signiﬁcantly,
both in the present study and in that of Whiten et al.
(2005), were inﬂuenced crucially by the model’s actions,
and not simply by the movements of the apparatus, asFigure 5. Frequency of action types on Pan-pipes by individual subjects in (a) the basic ghost condition, (b) the ghost-with-tool condition and
(c) the ghost condition with no prior baseline. The number of actions within each coding category (as detailed in Table 2) were small and were
thus collapsed as follows: Touch tool was termed ‘Make contact with tool’, Touch cable and Pull cable were combined and termed ‘Make con-
tact with cable’, Hit other and Touch food chute were combined and named ‘Make contact with Pan-pipes’. The three insert tool actions, were
combined and termed ‘Use tool to operate Pan-pipes unsuccessfully’ and Poke and Lift were grouped together and defined as ‘Use tool to
operate Pan-pipes successfully’. Median and mean values are also given. Each ID code is followed by sex (M, F) and age (years).
ANIMAL BEHAVIOUR, 73, 61030would have been expected if stimulus enhancement or
emulation were sufﬁcient. This amounts to saying that im-
itation was involved.
This conclusion should not be taken to imply that when
a na€ıve chimpanzee watches an expert conduct a Lift, it
pays no attention to what the tool does. To the contrary,
this was what chimpanzees appeared to be looking at,
although it is difﬁcult by observation alone to be sure.
However, this does not preclude an ascription of imita-
tion, for in tool use the tool becomes an extension to the
model’s effectors and what is done with the tool is the
action imitated. Whether chimpanzees’ attention is on
the limb movements of the model, the movements of the
tool, the movements of the obstacle and food and/or on
dynamic relations between these, the present results show
it is important that a chimpanzee is seen to be responsible
for these means and, hence, terms such as imitation or
copying (Miklosi 1999) become apt. In other words, what
appears to be copied is how a model does all these things,
or how the model makes them happen. Of the other ghost
condition studies noted above, the results of Fawcett et al.
(2002) with starlings were also in accord with imitation,
whereas the study of Klein & Zentall (2003) offered evi-
dence supporting the existence of emulation (in their
terms, ‘affordance learning’) as pigeons did learn an ap-
propriate action by watching movements of the apparatus
alone.
At ﬁrst sight our conclusions are the opposite of those
from a recent experiment by Call et al. (2005), in which
chimpanzees learned one of two ways to open foraging
devices from observing the outcome alone; in this case,
the devices already opened in one of the two ways. Un-
like children, chimpanzees did not copy the actions of
a model they had seen try to open the devices in either
of two ways. Thus, the results were interpreted as show-
ing emulation in chimpanzees, rather than imitation.
We think the studies are not necessarily in conﬂict. First,
the manipulation in Call et al.’s study was sufﬁciently
simple that the task was completed by a majority of indi-
viduals in the baseline control condition as fast as those
who watched a model, whereas the Pan-pipes apparatus
has not been mastered by 18 such controls in two studies
and is thus clearly more challenging. It therefore seems
very likely that chimpanzees can learn sufﬁciently well
about relatively simple tasks by individual inferential
learning, but may use imitative copying where they can-
not achieve an unguided solution. Second, in one obser-
vation condition of Call et al.’s (2005) study, the device
was glued so it would not open: observer chimpanzees
later actively avoided the unsuccessful efforts that the
model applied to this part of the task. This suggests that
they actively attended to what the model did (as we
suggest was important in our own study), but then
actively avoided copying this unfruitful activity. In the
experimental context, this was an adaptive response.
Thus rather than being in conﬂict, ours and Call et al.’s
(2005) study together offer a new and mutually consis-
tent picture of the ways in which social and asocial learn-
ing are strategically applied by chimpanzees to tasks that
differ in ease of learning (Laland 2004; Whiten et al.
2004).GENERAL DISCUSSION
Our diffusion study showed both convergent and diver-
gent results when compared with the one other compara-
ble study in primates, which used the same apparatus but
a different population of chimpanzees (Whiten et al.
2005). On the one hand, as inWhiten et al.’s study, we dis-
covered a clear social-learning effect, the Lift technique
spreading only in the group into which it had been exper-
imentally seeded. On the other hand, in the Bastrop pop-
ulation this effect was insufﬁcient to generate different
Poke and Lift traditions in the two groups, insofar as
both groups adopted Poke as their dominant approach.
This contrast conﬁrms the importance of pursuing this
research programme with large and varied populations.
Historically, behavioural experiments with great apes have
been restricted to very small sample sizes. Of the 31 social-
learning experiments with apes listed in Whiten et al.’s
(2004) review covering the last 15 years, 22 had sample
sizes in single ﬁgures (range for 31 studies 1e20) and
each was conducted with a single population of the spe-
cies concerned. By contrast the present study incorporated
37 chimpanzees and the previous study at Yerkes used 38.
Together, these studies of 75 chimpanzees indicate that
the probability of particular foraging techniques achieving
the status of traditions is affected by the interaction of
multiple factors.
At present we cannot precisely characterize all of these
factors, but the results are consistent with the hypothesis
that traditions arise for techniques that fall between two
thresholds in a population’s cognitive capacity. Below the
lower threshold, most animals will be able to discover the
techniques themselves, whereas above it the task is un-
likely to be solved by any animal learning on its own,
except for rare innovators. The task must also be below an
upper cognitive threshold, such that most animals have
the capacity to learn the task by observing a model already
expert in it. Above this threshold, it cannot be learned
even by observation. Of the two techniques that the Pan-
pipes were designed to afford, Lift appears to fall between
these thresholds for nearly all chimpanzees studied:
among 50 chimpanzees in the two studies who never
witnessed an expert model Lift, Lift never became part of
their repertoire, whereas it did for 15 of the 20 in the two
studies that mastered the task in the groups containing
expert Lift models. By contrast, although the Poke tech-
nique was above the lower threshold for those tested
individually as controls at Bastrop, for at least three
chimpanzees at the two sites (the ﬁrst to perform it in
groups P and L, and in the Lift group at Yerkes) it was
below this lower threshold, allowing individual discovery.
It is possible that this was true of other chimpanzees who
mastered the task after the ﬁrst in their group to do so, but
we cannot determine this. The implication of these
contrasts for the question of traditions among wild
chimpanzee is that if in a natural equivalent of our Pan-
pipes task, chimpanzees could successfully apply only the
Lift technique, the conditions for regional traditions
would be met, because a technique this difﬁcult or
improbable falls between the two thresholds outlined
above. This is plausibly the case for many putative tool
HOPPER ET AL.: TRADITIONS IN CHIMPANZEES 1031use traditions in the wild: in the case of using natural
hammers to crack nuts, for example, the behaviour is
customary at certain West African sites, but absent at
others further east that possess all the raw materials
(McGrew et al. 1997; Whiten et al. 1999).
Whether the success of BE, the one chimpanzee known
to solve the Pan-pipes task without observing a model of
any kind, was linked to testing in a larger group that may
have motivated her in a different fashion to those tested
individually or even to those in small aggregations at
Yerkes, or whether she brought special individual charac-
teristics to the task and so should count as the necessary
‘rare innovator’ differentiated from the 18 chimpanzees
that have so far failed to solve the task, cannot be known
without further experiments. The same is true for our
earlier speculation that an important factor in this respect
may be the extensive experience in poking available at
Bastrop. The variability in tradition adoption that we have
identiﬁed thus suggests a number of lines for further
experimental studies building on our results.
Our experiments using the ghost condition indicate
that the Lift technique, which the diffusion experiments
highlighted as the one most clearly dependent on social
learning, is not easily acquired merely by watching
movements of the tool and apparatus. Instead, it appears
important that a model is involved in making these
movements happen, a result that suggests imitation to
be an appropriate term to describe the mode of social
learning, so long as this is interpreted broadly enough to
acknowledge that what the model makes the tool do may
well be an important element copied by the learner.
The present study appears to be the ﬁrst to couple such
investigations of social-learning mechanisms with those
establishing that the behaviour patterns at stake have the
capacity to become traditions in the ﬁrst place. None
of the small corpus of diffusion studies such as those
with primates (Menzel et al. 1972), rodents (Laland &
Plotkin 1990; Galef & Allen 1995), birds (Curio et al. 1978;
Lefebvre 1986) and ﬁsh (Laland & Williams 1997; Reader
& Laland 2000) have attempted to dissect the transmis-
sion mechanisms at work, perhaps in part because the be-
haviours under study were relatively simple and likely to
be explicable by only the most elementary social-learning
mechanisms, such as stimulus enhancement (Whiten &
Ham 1992). The converse deﬁcit in the literature is that
none of the existing ghost condition studies discussed ear-
lier (Heyes et al. 1994; Fawcett et al. 2002; Klein & Zentall
2003; Thompson & Russell 2004) focused on behaviours
that had been shown to be traditions, for these experi-
ments were limited to one-to-one transmission events.
We suggest that if our current focus on complex tool tasks,
which would admittedly be challenging or even physi-
cally impossible for many of the other taxa studied,
were set aside and alternative, taxon-appropriate tasks
substituted, the combination of experimental designs we
have applied could form the basis of numerous, more in-
tegrative comparative studies. The ghost condition has al-
ready been applied successfully to several very different
taxa. Although such comparative work remains to be
done for our three-group, two-action diffusion design,
this particularly powerful approach to the experimentalstudy of traditions should be broadly applicable to many
different species of animal.
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Summary
Field reports provide increasing evidence for local
behavioral traditions among fish, birds, and mammals
[1–7]. These findings are significant for evolutionary
biology because social learning affords faster adapta-
tion than genetic change and has generated new
(cultural) forms of evolution [8–10]. Orangutan and
chimpanzee field studies [3, 4, 11–13] suggest that
like humans [14, 15], these apes are distinctive among
animals in each exhibiting over 30 local traditions.
However, direct evidence is lacking in apes and, with
the exception of vocal dialects [16, 17], in animals
generally for the intergroup transmission that would
allow innovations to spread widely and become evolu-
tionarily significant phenomena. Here, we provide
robust experimental evidence that alternative foraging
techniques seeded in different groups of chimpanzees
spread differentially not onlywithin groups but serially
across two further groups with substantial fidelity.
Combining these results with those from recent
social-diffusion studies in two larger groups [18–20]
offers the first experimental evidence that a nonhuman
species can sustain unique local cultures, each con-
stituted by multiple traditions. The convergence of
these results with those from the wild implies a rich-
ness in chimpanzees’ capacity for culture, a richness
that parsimony suggests was shared with our com-
mon ancestor.
Results and Discussion
Numerous local variations in the behavior patterns of
wild chimpanzees and orangutans have been inferred
to be cultural variants, transmitted through observa-
tional learning [3, 4, 11–13]. However, this inference
relies heavily on circumstantial evidence that alternative
genetic or environmental explanations are implausible.
Field experiments could in principle provide a more
robust test that putative traditions are truly socially
learned, but logistic and ethical considerations have
prevented exploratory interventions from employing
controls to clearly discriminate the effects of social
from individual learning [21, 22]. We have instead inves-
tigated chimpanzees’ cultural capacities by conducting
large-scale, controlled social-diffusion experiments
with captive groups.
To investigate between-group transmission, we used
a unique chimpanzee population that includes six
groups of 8–11 individuals at Bastrop, Texas (Table S1
in the Supplemental Data available online), where each
group has visual access to its neighbors (Figure 1).
Two complex tool-use problems (‘‘probe task’’ and
‘‘turn-ip’’), each designed to make solution through
individual exploration unlikely but solvable by two quite
different techniques (Figure 2), were presented sepa-
rately to each group for a 2 hr baseline period. Most
chimpanzees explored these objects in the baseline
period (Table S2), but none successfully extracted the
food items they had seen dropped inside.
For each task in turn, a single chimpanzee from group
B1 was then trained to use one of the two techniques to
extract food, out of sight of her group. An individual from
group B4 was likewise trained to use the alternative
technique. Each model was then returned to its com-
pound, with the apparatus available to the whole group
at location 1 (Figure 1). Interactions with the apparatus
were recorded on video for analysis. A total of 1643 suc-
cessful (food-gaining) operations of the probe task were
watched by a median of six individuals sitting within 1 m
(range one to nine individuals). For the turn-ip, a median
of four individuals (range one to nine) watched 5360 suc-
cesses. Thus, all members of a group sometimes
formed a tightly packed cluster of observers within
1 m around an actively foraging chimpanzee.
By contrast with the absence of task solutions in the
baseline phase, after observing the initial model, a sec-
ond individual successfully solved the probe task after
28 min in group B1 and after 15 min in group B4. During
8 hr of exposure spread over 3 days, all but three individ-
uals mastered the probe task. To test for preferential
adoption of the model’s technique, we computed
a ‘‘%stab’’ index (%stab = 100 3 stab/[stab + slide]).
The %stab index was significantly greater in group B1
(median 100%), seeded with the stab technique, than
in B4, seeded with the alternative slide technique (me-
dian 0.0%; Mann-Whitney U test, U = 2, p = 0.016:
Figure 3A; Table S3 lists sample sizes). For the two-
step turn-ip task, an individual other than the model
was successful after 87 min in group B1 and 36 min in
group B4. During 24 hr of exposure spread over
8 days, all but two individuals gained food from the turn-
ip, although four completed only the second of the two
required actions after a group mate had performed the
first (Figure 3). To test for social transmission, we*Correspondence: a.whiten@st-andrews.ac.uk
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computed ‘‘%ratchet’’ (%ratchet = 100 3 [ratchet then
slide]/[ratchet then slide] + [turn then press]). This index
was significantly greater in group B1, seeded with the
ratchet-then-slide technique (median 100%) than in
B4, seeded with the turn-then-press technique (median
0%; Mann-Whitney U test, U = 0, p < 0.001; Figure 3B).
Once half of a group’s members were successful,
each foraging task was presented to the same group
at a second location where the neighboring group could
observe work on it through their windows at a distance
of approximately 3 min (B1 and B2) or 5 min (B4 and
B5; Figure 1), for six 30 min sessions. This procedure
was later repeated for a third group in each case (B3
and B6, respectively). Operations of the probe task in
one group were watched by a median of four individuals
(range 1–11), and operations of the turn-ip were watched
by a median of three individuals (range 1–11) in the
neighboring group (see Table S3 for details). Each of
these observing groups in turn was then given access
to the foraging device at its own window (locations 3
and 5 in Figure 1). Each technique was transmitted
with high fidelity across these groups (Figure 3). Both
measures of differential use of techniques, %stab and
%ratchet, were significantly greater in B2 than in B5
and greater in B3 than in B6 (p always < 0.02; Table S3).
This is the first evidence in a nonhuman species for the
between-group diffusion of socially learned behavior
patterns necessary for significant spreading of tradi-
tions. As in prior within-group diffusion experiments
(18–20), individual corruption events occurred in each
group, raising the prospect that the contrasts between
traditions would progressively erode; yet instead, each
seeded variant remained clearly dominant in the corre-
sponding final group, suggesting a conformity effect
(Figure 3). The social diffusion of experimentally seeded,
alternative foraging techniques across over 20 individ-
uals in each case is unprecedented in the literature on
animal social learning (reviewed in [19]). These results
hold substantial import for recent debates concerning
the inherent weaknesses of nonexperimental evidence
for cultural variations among wild apes [23–25]. We
conclude that chimpanzees have a demonstrable
capacity for fidelity in social learning across multiple
groups, consistent with the hypothesis that regional
behavior patterns in Africa have spread through cultural
transmission [4, 12]. In the wild, the context for inter-
group transmission would be unlikely to directly mirror
that of our experiments because of intergroup antago-
nism, but opportunities for the observational learning
we have documented arise naturally through the transfer
of females between groups [4, 22, 26]. Indeed, our re-
sults suggest that investigating intergroup transmission
by translocation of skilled individuals into naive groups
Figure 1. Compound Configuration
Each external compound, diameter 21 m, accommodates 8–11
chimpanzees. Successive presentation locations of foraging tasks
next to barred windows are marked 1–5. Chimpanzees in B2 and
B5 were able to watch foraging techniques applied by their neigh-
bors at location 2 before attempting the task themselves at location
3; the same was later true for chimpanzees in B3 and B6 with respect
to locations 4 and 5, respectively.
Figure 2. Probing and Turn-Ip Foraging Tasks
(A) Probing task, stab technique. By pushing to one side a small but-
ton, chimpanzees can open a doorway in the top surface and insert
a tool to stab food items.
(B) Probing task, slide technique. Once a hatch door is raised, a flat
tool can be inserted, pushing food items along the floor and out of
a tunnel on the opposite side, with the food then rolling to chimpan-
zees down a ramp (not shown) beneath.
(C) Turn-ip task. Food items dropped into the pipe are trapped until
the disc is rotated to align hole 1 with the pipe. This can be achieved
either by directly turning the front edge of the disc protruding
through a slit (method ‘‘turn’’) or by repeatedly pulling a ratchet
handle on the top surface (method ‘‘ratchet’’). Once the food drops,
it can be released either by pressing down a handle to lift plate align-
ing holes 2 and 3 (method ‘‘press’’) or pushing a sliding handle that
aligns holes 2 and 4 (method ‘‘slide’’).
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would be a valuable further step, even if a much more
difficult one to arrange in practice.
Combining these results with those recently obtained
in three separate diffusion experiments with two larger
groups of chimpanzees now allows us to address the
controversial hypothesis that chimpanzees are able to
sustain multiple, diverse behavioral traditions aptly
described as local cultures, by analogy with the human
case [9, 10, 14, 15]. These data are illustrated in Figure 4,
which collates the results of three experiments con-
ducted at the Field Station of the Yerkes National Pri-
mate Research Center (respectively labeled ‘‘Doorian,’’
‘‘panpipes,’’ and ‘‘token’’ experiments after the manipu-
landa involved [18–20] with those from the intergroup
experiments (turn-ip and probe task) conducted at Bas-
trop and reported in detail above. Each of these studies
has separately demonstrated a new aspect of cultural
transmission in animals. Here, we integrate them to
document local cultures defined by multiple behavioral
variations, to our knowledge the first demonstration of
this capacity in a nonhuman species. Thus, the Yerkes
FS1 culture is characterized by lifting open the Doorian,
poking a tool in the panpipes to gain food, and using
a bucket for depositing tokens, whereas the Yerkes
FS2 culture typically involves sliding open the Doorian,
lifting an obstacle to release food from the panpipes,
and posting tokens down a pipe. Similarly, the Bas-
trop-West culture (groups B1–B3) is defined by stabbing
in the probe task and applying the ratchet-then-slide
technique to the turn-ip, whereas in Bastrop-East (B4–
B6), chimpanzees typically use two different techniques
for these tasks. In addition, the spontaneous emergence
Figure 3. Spread of Alternative Traditions across Two Series of Three Groups
Arrows indicate direction of between-groups information transfer.
(A) Probing task, initiated by trained models KE in group B1 (stab method) and JU in group B4 (slide technique). Chimpanzees in group B2 were
able to observe techniques employed by group B1 and in turn were observed by group B3. Groups B4, B5, and B6 had parallel observational
opportunities. Individual chimpanzees are labeled with two-character codes and arranged by order of successful task solution. Each bar shows
the number of stab (dark) and slide (light) actions by each chimpanzee, capped at their first 100 successes.
(B) Turn-ip task, initiated by trained models KE in group B1 (ratchet-then-slide technique) and XE in group B4 (spin-then-press technique).
Between-group observation opportunities were as for the probing task. Each bar shows the number of successful ratchet (light green), slide
(midgreen), ratchet-then-slide (dark green), turn (light blue), press (midblue), and turn-then-press (dark blue) actions by each chimpanzee.
Each category is capped at the first 100 successes (for overall statistics, see Table S2 in the Supplemental Data). Slide could exceed ratchet,
and press could exceed spin, where one individual exploited the prior performance by another individual of the first of the two actions necessary
to attain food.
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and spread of handclasp grooming, a locally varying
custom known in the wild in which grooming partners
clasp hands overhead [27], has been documented in
detail in FS1 yet has not occurred in FS2 [28]. This pro-
vides a fourth tradition discriminating the Yerkes cul-
tures (Figure 4).
The transmission of these different traditions in multi-
ple groups offers the unique opportunity to investigate
whether general principles apply to the diffusion pro-
cess. We begin such investigation here by examining
whether consistencies exist in the order in which tech-
niques diffused through groups. The order in which indi-
viduals in each group mastered the probe and turn-ip
tasks was significantly correlated in groups B2 (r =
0.74, n = 7, and p = 0.037), B3 (r = 0.84, n = 9, and p =
0.001), and B6 (r = 0.95, n = 8, and p < 0.001), and the
correlation was high and positive for all six groups
(Table S4) (binomial test, p = 0.04). By contrast, the cor-
relation between order of acquisition in the panpipes
and token tasks at Yerkes was negative and nonsignifi-
cant (FS1, r =20.50, n = 9, NS; FS2, r =20.54 n = 6, NS;
such correlations cannot be tested for the Doorian
study, because this required direct experimental control
over order of acquisition, nor for the handclasp study,
which spanned several years involving significant
demographic changes). Together, the Bastrop and
Yerkes results suggest that similar general principles
govern tasks of the same kind (tool-based foraging in
the case of the probe task and turn-ip) but different fac-
tors come into play for tasks as different as the panpipes
(tool-based foraging) and tokens (arbitrary conventions
of object use). The consistency between similar tasks
and variations between different ones suggest there is
much scope for future investigation of the social dynam-
ics and other factors determining the spread of experi-
mentally seeded traditions.
Our Bastrop experiments are the first to demonstrate
the spread of alternative traditions from group to group
in a nonhuman species. Whether the underlying social-
learning mechanism is imitation or some other process
is a separate question requiring different kinds of exper-
iment. In a recent study [29], we found that chimpanzees
did not learn from a ‘‘ghost’’ condition in which our pan-
pipes task was operated remotely with no chimpanzee
involved, challenging a current view that chimpanzees
learn by ‘‘emulation,’’ in which they focus only on the re-
sults of actions, as opposed to imitating the actions
themselves [23]. Our ghost experiments indicate that
chimpanzees are instead motivated to learn specifically
from a conspecific doing the action of interest [29].
Figure 4. Four ‘‘Cultures’’ Each Defined by Multiple Different Traditions
Yerkes-FS1 culture (Doorian-lift, token-to-bucket, panpipe-poke, and handclasp traditions) is shown on the upper left; Yerkes-FS2 culture
(Doorian-slide, token-to-pipe, panpipe-lift, and no-handclasp traditions) is shown on the upper right; Bastrop-West (B1–B3) culture (probe-
by-stab, turn-ip ratchet-then-slide traditions) is shown on the lower left; and Bastrop-East (B4–B6) culture (probe-by-slide, turn-ip turn-then-
press traditions) is shown on the lower right. Each rectangle denotes a chimpanzee, identified by a two-character label in the corresponding
column. Initial, trained models are denoted by thick borders. Numbers represent order of successful acquisition of each task. Order was not
reliably known for handclasp grooming and was predetermined in the transmission-chain Doorian-task study charted in the upper Yerkes frame.
In the lower Yerkes and Bastrop frames, acquisition order in the first task (panpipe at Yerkes, turn-ip at Bastrop) is numbered serially left to
right, with order for other tasks labeled for the same chimpanzees. Color boxes indicate the following: Doorian task [19]: red = lift, yellow =
slide; panpipe task [18]: red = poke, pink = lift; token study [20]: orange = bucket, cream = pipe; handclasp [27]: brown = handclasp; probing:
purple = stab, lilac = slide; and turn-ip: blue = ratchet-then-slide, green = turn-then-press. For each chimpanzee, the dominant response is
shown, with those performing one of the alternatives at between 25%–75% of the total indicated here as 50%. Individuals performing only
half the turn-ip task are indicated by a half bar. A cross indicates those individuals who never performed a task.
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Whatever the social-learning mechanisms involved in
the studies reported here, our findings demonstrate
a capacity for within-group and between-group trans-
mission of the fidelity required to explain the spread of
putative chimpanzee traditions across regions of Africa
[4, 12]. In addition, we have shown that these animals
can sustain local cultures constituted by multiple behav-
ior patterns of different kinds, as apes have been hy-
pothesized to do in the wild [3, 4, 7, 11–13]. These results
suggest that humans’ prodigious capacity for culture is
likely to have evolved from a foundation in the common
ancestor we share with chimpanzees that in these re-
spects already represented the most developed cultural
abilities among animals. Our seeding of alternative be-
havioral techniques in different groups has proven to
be a powerful method in investigating such phenomena;
extending it in future comparative studies with other
species opens the prospect of a comprehensive picture
of the evolutionary foundations of culture in the animal
kingdom.
Experimental Procedures
Subjects
‘‘Bastrop’’ chimpanzees were housed at the University of Texas M.D.
Anderson Cancer Center near Bastrop, Texas, and are described in
Table S1. Yerkes subjects are fully described in [18] and [19]. High-
ranking females were selected as the first two trained models so that
they would maintain control of the task and initially perform a high
level of competent demonstrations.
Materials
Foraging devices and alternative foraging techniques are described
in Figure 2 and in detail in the Supplemental Data.
Procedures
Once each initial model in B1 and B4 was reunited with her group, an
observation phase was maintained in which the apparatus was with-
drawn if chimpanzees other than the model took the tool, until all in
the group had witnessed five or more successful uses of the tool. In
the subsequent open diffusion phase, all chimpanzees were allowed
access to tools and foraging tasks. The first such trial was 30 min,
and this was followed by five 5 hr trials. For the between-groups
transfer phase that began once half the first group were successful,
six 30 min observation periods were each followed by a 30 min trial
with the inexperienced group. Alternation of 30 min periods between
groups then continued until a new model appeared in the inexperi-
enced group, at which point 5 hr sessions continued with this group.
A detailed account of procedures is included in the Supplemental
Data.
Interobserver Reliability
Reliability for each of the critical six behavior patterns (Figure 3) is
shown in the Supplemental Data. Given the gross differences in
technique, reliability was high, with a median of 99% agreement
between coders.
Statistics
Choice of statistical procedures is described in the Supplemental
Data.
Ethical Treatment of Animals
Both the Yerkes and Bastrop facilities are fully accredited by the
Association for Assessment and Accreditation of Laboratory Animal
Care—International. Training of chimpanzees as models was
through human demonstration followed by positive-reward shaping
as necessary.
Supplemental Data
Additional Experimental Procedures, Author Contributions, and five
tables are available at http://www.current-biology.com/cgi/content/
full/17/12/---/DC1/.
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Supplemental Experimental Procedures
Subjects
‘‘Bastrop’’ subjects at the University of Texas M.D. Anderson Cancer
Center near Bastrop, Texas, are described in Table S1. Groups here
labeled as B1–B6 for clarity are identified at the Bastrop facility as
follows: B1 = C8, B2 = C6, B3 = C4, B4 = C3, B5 = C5, and B6 = C 7.
Yerkes subjects are fully described in [S1] and [S2].
Foraging Tasks
1. Probe Task
The principal structure of the probe task illustrated in Figure 2 was
a cube 16 cm high, constructed of transparent polycarbonate. Dur-
ing the experiment, this was mounted on a platform next to a barred
window of the enclosure so that chimpanzees could reach through
and manipulate it. Food items, typically large raisins, were inserted
by an experimenter repeatedly through a tube and hole at the rear
of the box, so that several were always available. A hole in the top
of the box and another at the side nearest the chimpanzees were
both closed by doors inside the box, so that in its standing state
the box offered no access to food.
Two tools were provided: a 30-cm-long rod with a spiked end and
a 30-cm-long flat, ruler-like tool. Each was attached to a length of ca-
ble to prevent chimpanzees from moving and losing them in other
parts of the enclosure. To gain food items by the ‘‘stab’’ technique,
chimpanzees pushed a button protruding through a slit in the top
surface of the box to one side, thereby rotating the door mechanism
to provide an opening, through which the rod tool was thrust, stab-
bing food items so that they could be withdrawn. In the alternative
‘‘slide’’ technique, a similar button could be used to raise a hatch
covering a hole near the base of the box, through which the flat
tool could be inserted to push food items out of a tunnel on the op-
posite side of the box. These then rolled down a ramp to the window.
2. Turn-Ip
The principal structure of the turn-ip was a Plexiglas cube, 60 cm
high (Figure 2C). A food item, typically a grape, could be dropped
into a pipe at the top of the apparatus, falling until it rested upon
a large, rotatable disc. Once the disc was rotated so that hole 1 lined
up with the pipe beneath, the food item would fall to lie at hole 2, held
in by a movable plate. The disc could be rotated by method ‘‘turn,’’
directly pushing the part that protruded from a slit at the front, or by
method ‘‘ratchet,’’ which involved pulling a ratchet handle on top of
the apparatus several times. The food could be finally released either
by method ‘‘press,’’ in which pressing down on one end of a lever
pulled up the plate and thus aligned holes 2 and 3, or by method
‘‘slide,’’ in which pushing one end of a different handle shifted the
plate to the left and thus aligned holes 2 and 4.
Choice of Models
The two initial models in groups B1 and B4 were chosen on three
criteria.
1. Females were chosen because the literature shows they tend
to be more oriented to use of stick-like tools, such as those
used in probing for insect prey [S3].
2. High-ranked individuals were chosen so they would be likely
to maintain control of the apparatus and model the tech-
niques they had learned rather than being displaced by chim-
panzees of higher rank.
3. Candidates should be expected to be relatively amenable to
training.
Assignment of techniques to models was by coin flip.
Procedures
Baseline-Control Conditions
Each group was exposed to the apparatus, stocked with food, avail-
able for manipulation for 2 hr.
Training Phase
Each of the models voluntarily separated from the rest of her group,
remaining in the outside enclosure while the others were called to
their indoor quarters and kept there for the duration of each training
session, which lasted approximately 20 min. Positive-reinforcement
training and modeling were used to shape performance of one of the
two alternative methods required. It was found unnecessary to pre-
vent the alternative method being explored or discovered. The train-
ing phase continued until the model was able to retrieve the reward
in the correct manner on 15 consecutive attempts.
Observation Phase
For the initial groups B1 and B4, an observation phase followed in
which the group was released into the compound with the model,
but only the model was allowed to work on the task. During this
phase, members of the group could observe both the apparatus
(stocked with desirable food stuff) and the model manipulating the
tool to retrieve the rewards. Access to both inside and outside sec-
tions of the enclosures was allowed at this time. During this phase,
the tool was first handed only to the model. The high-ranked model
initially monopolized the apparatus, but once her motivation de-
creased, the experimenter withdrew the apparatus if an observing
chimpanzee gained control of the tool. Each observation session
continued for 30 min or until the model lost interest, whichever oc-
curred first. From time to time, the demonstrator would fail to catch
the food during extraction, thereby allowing observers to scrounge
and thus providing them with an added motive to maintain proximity
to the operator. The observation phase was continued until all indi-
viduals had observed at least five successes by the model.
Diffusion Phase, Groups B1 and B4
During the next phase of ‘‘open diffusion,’’ any individual was per-
mitted to manipulate the tool and the stocked apparatus.
The initial test for each group lasted 30 min. After this first intro-
ductory session, each consecutive session lasted for 5 hr with a total
of 24 hr per group. These long sessions were intended to have a sa-
tiation effect on existing operators, leaving the task accessible to
other group members.
Between-Groups Transfer
Once the behavior spread through half of B1 or B4, the apparatus
was moved from position 1 to position 2 (Figure 1) such that mem-
bers of the neighboring colony had a clear and direct view of the
apparatus and the chimpanzee manipulating it. Each of these inter-
group observation sessions lasted up to 30 min or until all observers
lost interest and left.
After six observation sessions, the apparatus was then presented
to the inexperienced group and all members were allowed free
access to manipulate and explore it for 30 min. After 30 min, the
apparatus was withdrawn and once again presented to the experi-
enced group in order to allow opportunity for further observation.
This alternation continued until one member of the inexperienced
group was successful at extracting the reward (regardless of
method used) on 30 consecutive attempts.
Once a new model emerged, intergroup observation sessions
were terminated and the experiment proceeded with open diffusion
in the new group. This process was then repeated for transfer
between the second and third groups.
Coding
All sessions were videotaped with a Sony Handycam HC14E digital
video camera and DV tapes. The camera was positioned to capture
images of the apparatus, the operator, and all other chimpanzees
within 2 m on either side. Additionally, the experimenter spoke a nar-
rative report during taping, for clarity noting type of tool use, relevant
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manipulation behaviors, and position of nearby observers (within
5 m) for each successful operation. Behavioral responses were later
coded with the videotapes.
Interobserver Reliability
Reliability of coding was high because the behavioral responses of
interest were well differentiated and easily identified. Reliability
was confirmed between the codings of AS and a second coder blind
to experimental condition as follows, on the basis of coding 2 hr of
video randomly selected from each of Bastrop groups B1 and B4
(see Table S5).
Statistics
Differences in results from different experimental conditions were
often sufficiently extreme that little within-group variance existed
and nonparametric statistics were preferred for group comparisons.
Because sample sizes for comparisons between pairs of groups are
marginal for asymptotic testing with the Mann-Whitney test, the
exact value of the statistic U is shown. The p values are two-tailed.
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Table S1. Subjects: Demographic Information
Name ID Sex Born Age Mother
Group B1
Kelley KE F W 40
Mary MY F W 41
Martha MR F W 40
Betsy BE F W 41
Tinker TI F C 23 Kelley
Zoe ZO F C 4 Mary
Cecelia CE F C 15 Kelley
Huey HU M C 16 Mary
Pierre PI M W 44
Group B2
Gertrude GE F W 38
Pepper PE F W 39
Tasha TA F C 14 Jane
Radar RA M C 16 Gertrude
Maynard MA M W 34
Jane JA F W 35
Nina NI F C 33 Pepper
Moose MO M W 36
Group B3
Punch PU M C 23 Judy
Tony TO M C 16 Lulu
Kudzu KU M C 23 Delta
Emily EM F C 22 Abbey
Doyle DO M C 23 Derma
Lyle LY M C 8 Lulu
Cassie CA F C 17 Glenda
Lulu LU F C 24
Glenda GL F W 39
Sandy SA F W 34
Abbey AB F W 41
Group B4
Xena XE F C 7 Jana
Judy JU F W 38
Betty BE F C 32
Jana JA F C 18
Monique MO F C 15 Michon
Hodari HO F C 13 Judy
Billy BI M C 13 Betty
Jessie JE F C 13
Michon MI F C 23
Bo BO M C 13
Group B5
Cody CO M C 16 Bernie
Misty MI F C 22 Ursula
Helga HE F W 40
Joey JO M W 34
Ursula UR F W 42
Karin KA F W 44
Bernie BE F W 39
Zippy ZI M W 35
Group B6
Martin MA M C 14 Muffin
Pecos PE M C 18
Alex AX M C 21 Gertrude
Muffin MU F C 25
Sophie SO F C 18
Alpha AL F C 22
Beta BE F C 12 Alpha
Tina TI F C 20 Bernie
Lexus LE F C 8 Tina
Gage GA M C 5 Sophie
Note that groups here described as B1–B6 for clarity are identified
locally in the Bastrop facility as follows: B1 = C8; B2 = C6; B3 =
C4; B4 = C3; B5 = C5; and B6 = C 7. The following abbreviations
are used: W, wild born; and C, captive born. Age is measured in
years.
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Table S2. Behavioral Responses
B1 B2 B3 B4 B5 B6
In Baseline Sessions
Chimpanzees in group 8 8 11 10 8 10
Number who manipulate probe task 7 4 6 6 7 6
Number who raise door hatch 6 3 4 5 3 4
Median number of door hatch lifts 5 9 2.5 7 8 2.5
Median insert slide tool 0 0 0 0 0 0
Median insert stab tool 0 0 0 0 0 0
Number who manipulate turn-ip task 8 8 9 7 8 8
Number who ratchet 4 6 4 3 4 4
Number who turn wheel 2 4 1 2 0 3
Number who slide yellow lever 6 6 8 5 5 4
Number who press red lever 8 7 5 6 8 7
Median ratchet then slide yellow lever 0 0 0 0 0 0
Median turn then press red lever 0 0 0 0 0 0
In Experimental Sessions
Chimpanzees in group 8 8 11 10 8 10
Number who manipulate probe task 8 8 10 9 8 8
Number who raise door hatch 8 7 2 8 8 6
Median number of door hatch lifts 5 6 0 98 111 156
Median number of top rib slide 76 101 79 0 0 0
Median insert slide tool 0 0 0 60 66 103
Median insert stab tool 55 75 67 0 0 0
Number who manipulate turn-ip task 8 8 11 10 8 9
Number who ratchet 7 7 10 2 4 1
Number who turn wheel 1 2 1 9 7 8
Number who slide yellow lever 6 7 11 8 5 4
Number who press red lever 7 6 6 9 8 8
Median ratchet then slide yellow lever 97 116 108 0 0 0
Median turn then press red lever 0 0 0 140 125 143
Table S3. Differences between Groups in Use of Alternative Techniques
Median %stab
Seeded Stab Seeded Slide U Z p (two tailed)
B1: 100 (n = 4) B4: 0 (n = 8) 2 2.78 0.016
B2: 100 (n = 7) B5: 0 (n = 7) 5 2.61 0.011
B3: 100 (n = 9) B6: 0 (n = 8) 0 3.81 <0.001
Median %ratchet
Seeded Ratchet Then Slide Seeded Turn Then Press
B1: 100 (n = 6) B4: 0 (n = 6) 0 3.047 <0.001
B2: 100 (n = 7) B5: 0 (n = 8) 0 3.363 <0.001
B3: 100 (n = 10) B6: 0 (n = 9) 0 3.979 <0.001
Table S4. Correlations between Tasks
Group n r p
Probe Task/Turn-Ip
B1 6 0.64 0.09
B2 7 0.74 0.04
B3 9 0.84 0.001
B4 8 0.40 0.29
B5 7 0.64 0.09
B6 8 0.95 0.0001
Panpipes/Token Task
FS1 9 20.50 0.170
FS2 6 20.54 0.266
‘‘r’’ stands for Spearman coefficient.
Table S5. Percentage Agreement between Coders
n %
Stab 296 100
Ratchet 302 100
Slide 367 98
Slide 197 95.5
Turn 273 97.5
Press 406 99.5
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